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II. 


PLANIMETERS IN WHICH ONLY Pore Ro.iiine 


Morton 1s ASSUMED TO TAKE PLACE. 


Tuere have been many efforts to de- 
sign instruments in which no slipping 
shall take place. These efforts have re- 
sulted in the production of various in- 
struments which, though they differ in 
external form and mechanical action, yet 
rely upon the same mathematical prin- 
ciple of action as the planimeters al- 
ready dealt with, the particular form of 
disk and roller, or sphere and roller, be- 
ing taken. Thus, in every case there is 


a measuring roller, or its equivalent, the | 


rate of motion of which has to be varied 
by some means or other. It is in the 
method by which this is done that this 
class of planimeters differs from the 
other. Instead of obtaining the varia- 
tion of the measuring roller in bringing 


it into contact with circles of different | 


linear velocity by sliding it over the sur- 
face of the disk or sphere, one or other 
of the two following principles are em- 


ployed. A device equivalent either to | 


(1) bringing in succession a series of 
measuring rollers into contact with the 
different imaginary circles; or (2) bring- 


ing circles of different linear velocity in- | 
to contact with a single fixed measuring | 


roller. 
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The disk-globe and cylinder-integrator 
of Professor James Thomson belongs to 
the former class. In this a sphere G 
(Fig. 30) rolls over the surface of the disk 
M, but is also in contact with a cylinder 
|mm’. The motion of Gin direction OY is 
tbat in which the roller would slip in the 
ordinary disk and roller, and does not 
| affect the motion of rotation of mm’. On 

the other hand, the motion in direction 
OX, which is due to the turning of the 
| disk, is entirely imparted to mm’. Thus, 
as G rolls along mm’, the same effect is, 
in theory, produced as if a series of roll- 
ers m, m,, m,, etc., upon the same axis as 
the cylinder, were successively applied to 
the surface of the disk, and all slipping, 
at any rate from this cause, is avoided. 
'The actual mechanism which has not 
been employed for a planimeter takes a 
slightly different external form in the 
harmonic analyzer of Sir W. Thomson's 
tide-calculating machine. 

The devices which have now to be con- 
sidered as solutions of the problem un- 
der consideration by the first method, 
are used in connection with the geomet- 
rical property of the sphere already dis- 
cussed, and upon one similar to it. 

Let M (Fig. 31) be the plan of a sphere 
|rolling along the line OX, carrying with 
‘it, by a frame not shown, a cylinder (7) 
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which can roll about it so as to come into 
contact at any point g upon its horizon- 
tal. great circle. Then the rotation of 
the cylinder may be employed exactly in 
the same way as the rotation of the roller 
on the integrator described on page 416, 
and shown by Fig. 28; but in the pres- 
ent case, instead of causing the roller to 
slip over the surface, the rolling of the 
cylinder is practically equivalent to 


bringing in succession a series of roll- 
ers m, m,, m,, etc., upon one axis in con- 
tact with it. 

This principle has been employed both 
by Professor Mitchelson of Cleveland, 
The mech- 


U. S., and Professor Amsler. 





from a bevel-wheel upon its axis, which 
gears with a larger one formed upon the 
edge of a circular stand or support of 
the instrument. 

A similar principle of the geometry of 
the sphere has also been employed in an 
instrument suggested in a paper in 1855 
by the late Professor Clerk Maxwell, 
when an undergraduate at Cambridge. 
Instead of the cylinder in Fig. 31, let a 
sphere m’ roll around on the sphere (M), 
as shown in Fig. 33. Then, from the 
property of the sphere, which is proved 
at length in the above paper, the turning 
of the sphere m’ about its axis of rota- 
tion xa, relatively to the turning of M 





Fig. 31 








anism of Professor Mitchelson’s instru-; along OX, is proportional to the tangent 
ment is shown in Fig. 32. In this a flex-| of the angle ain thefigure. In the other 
ible steel band or chain F, passing round | case it will be remembered that the turn- 
a semi-circular are D, forces the cylinder | ing of the cylinder or disk was propor- 
C to roll on the sphere G. The cylinder | tional to the sine of the same angle. By 
is carried by a frame E, which slides| suitable means the principle can be em- 
along the bar A, by which it is supported. | ployed in the construction of a planim- 
The mode in which it is proposed to ap-|eter. Two forms of such planimeter 
ply it to the ordinary Amsler planimeter | are shown in the paper, and though they 
is shown on a smaller scale, Fig. 32a,|are both in the form of the linear plan- 
where 4 is the pole-arm, a the radius imeter, and are scarcely suitable for prac- 
bar, and ¢ the center of rotation of the | tical application, yet the matter is dealt 
latter. |with in a way worthy of the inventor. 
Professor Amsler’s planimeter on this | It is evident that this is another case of 
principle is similar to the foregoing, ex-| bringing the equivalent of a series of 
cept that instead of being carried by two | rollers m, m,, m,, into contact with the 
guides as sleeves by a bar, the cylinder | sphere, though these are no longer of one 
frame is supported on rollers from a| size, but vary from a diameter zero to a 
frame above, the rolling friction on the | diameter of the size of that of the sphere 
latter being less than that of the cylinder | m. 
on the sphere. Thus, the cylinder always | 
moves to its required position. The mo- 


Coming now to the instruments in 
which the alternative device adopted for 
the avoidance of slipping is by bringing 





tion of the spherical surface is obtained | 
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into contact with one roller different 
circles of the disk M, or of its equiva- 
lent. 

This may be done in the following 
way: Instead of allowing the cylinder 
(m) to roll on the sphere M (Fig. 31), 
and so to change the radius of the imag- 
inary rolling circle (whose diameter is 
gq’) on which it rolls, suppose that the 
cylinder is kept in contact as shown by 
the dotted lines, and the axis of rotation 
zz’ of the sphere is turned, as, for in- 
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with the thie (m), ent of course the 
radius may be the same. This method 
has been recently proposed by the author, 
and the mode of carrying it out without 
involving slipping, by what is called the 
“sphere and roller mechanism,” which 
mechanism has been explained and de- 
veloped at length in a paper before the 
Royal Society. It need here be only re- 
marked that the planimeter there de- 
scribed, and afterwards exhibited to the 
British Association at Montreal, was of 

















stance, would happen if a sphere in com- | 


bination with rollers were used as sug-| 
gested for an anemometer by Mr. Ven-| 
tosa, through an equivalent amount, Z. e., 

through the angle a.. This will give the 


same result as far as the rotation of the! 


cylinder is concerned, but with an im-| 
portant difference. The cylinder (in Fig. 
31) or sphere (in Fig. 33) is no longer 
needed, and may be replaced by the orig- 
inal measuring roller, whose axis has a| 
fixed position parallel to OX. It will be} 
seen that this device practically amounts 
to bringing different circles on the sphere | 
M into contact with the measuring roller | 
(m), with the great advantage that ex- 
actly the same circle on the sphere M is | 
scarcely likely to again roll in cont: vet | 





| wheel or 





the linear form, and of little practical 
use; but the author has since completed 


a polar planimeter and exhibited it be- 


| fore the Royal Society. 

One one more area planimeter re- 
mains to be mentioned, and this is the 
one invented and brought before the 
Physical Society by Mr. CV. Boys. The 
principle of action is briefly this: A 
roller, which is not supposed 
to slip sideways on the diagram, has its 
plane of rotation kept always at an angle 


|a to the axis OX of the figure to be inte- 


grated, such that 
y=ordinate of the curve 
=tanaxK 
where K is a constant, and y is the ordi- 
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nate with respect to OX of that point on 
the curve which the pointer of the instru- 
ment is at the same instant tracing. If 
the component of a small motion of the 
wheel parallel to OX is Aw, and the com- 
ponent of the same movement parallel 
to OY is At. 


At 
Then 


r 


=tan «= 


| = As 


=Y AEX E> 
or the distance moved by the wheel par- 
allel to the axis OY becomes the measure 
of an element of area. It is easy to see 


(Z) 


of its axis (corresponding to OX), and 
made to effect its own turning, the 
amount of turning varying with the tan- 
gent of inclination of the wheel, and this 
was sufficient in the application to the 
steam-engine integrator to be hereafter 
described, where the longitudinal motion 
of the cylinder could be made propor- 
tional to the stroke. Mr. Boys endeay- 
ored, by various means, to obtain con- 
tinuous motion in both directions, one 


| being equivalent to bending the ends of 


the cylinder round, and so ‘attempting to 
solve the difficulty by what he has termed 
a “mechanical smoke ring.” The author, 








that the height moved by the wheel be- , however, by approaching the matter from 
comes a direct measure of the area of the|a different point of view, designed the 
figure. Various examples of the action|sphere and roller integrator, which is 
of this planimeter, called by the inventor | nothing more or less than the inversion 
the tangent integrator, are given by Mr. | of the mechanism of Mr. Boys. In this 
Boys; but the action is obviously limited, | the roller of Mr. Boys is replaced by the 
and an investigation of the theory reveals | | sphere, and instead of the two motions, 
the fact that it is only a special case of | one of the cylinder about its axis, and 
the general problem, not only of the | one of the cylinder longitudin: ully, the 
method of applying circles of varying | two rollers are used. It may be easily 
diameter to one roller, but of the sphere | shown that the turning of the plane of 
and roller mechanism itself. This will| rotation of the roller of the tangent in- 
be rendered clearer by stating that, in | tegrator is equivalent to changing the 
order to employ the component parallel |axis of the sphere in the sphere and 
to OY, the roller was made to work | roller integrator. 

against a cylinder, which, by its turning, | 
acted as the measuring roller. Evidently | 
the length of the cylinder limited the | The moment of an area, and its mo- 
travel in that direction. The cylinder | ment of inertia about a given line, may 


Moment PLAnIMeterSs. 


was carried bodily along in the direction | be obtained mechanically upon similar 
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principles to those by which a simple 
area was obtained. If ABCDE, Fig. 1, 
be the figure whose moment of area and 
moment of inertia are required about any 
line OX; then, taking any element of 
area AB, if y=height of upper portion 
SB, then the moment of area of the 
element SB about OX 


is m=area of SBx 4 


=4 y, Aw. 
Similarly, the moment of inertia of the 
element is 

s==} y, An. 


The sum of an infinite number of 


Fig. 


Ax be- 
come infinitely small, gives respectively 
the moment of area and the moment of 
inertia of the whole figure according to 
the expressions. 


such expressions as these, when 


Moment of area =M=}/y*dz, 
Moment of inertia=I =4/y'dz. 


Now, there are two possible ways of 
obtaining these results mechanically. 
One of these ways is by applying for the 
purpose the suggestion made by Sir Wil- 
liam Thomson in connection with the 
disk globe and cylinder integrator of 
Professor James Thomson, of using a 
train of such mechanisms to obtain the 
integration of a simple linear differen- 
tial equation. By certain simple arrange- 
ments, 


The first mechanism would give /ydz, 
“ fy'dz. 
“s Sy'de. 


ee “ “ 


second 
third 


“ “ se 
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This method need not be further con- 
sidered here, since, so far as the author 
is aware, it has never been carried into 
actual practice. It may be, however, said 
that the mechanical difficulties in the way 
of causing the measuring wheel or roller 
of the first mechanism to actuate the sec- 
ond, and the roller of the second to actu- 
ate the third, without introducing serious 
error, are not easy to overcome, and re- 
quire a very easily working piece of ap- 
paratus. The author has discussed the 
applications of the sphere and integrator 
for the purpose, in a paper to the Royal 
Society. 

The other principle is to cause the 
measuring roller to be directly turned 
at a rate which is made to vary, not as 


34. 





in the simple planimeter with the value 
of the ordinate (y), but with its second 
or third power. Though no method of 
directly doing this has apparently yet 
been suggested, yet the same result is 
practically effected by the beautiful appli- 
cation of a mathematical principle in the 
“moment integrator” of Professor Ams- 
ler. 

Let the pole-arm CB (Fig. 34) be at- 
tached to a toothed segment (z,), one 
portion of which gears with a toothed 
wheel z,, the radius being as 2 tol. Let 
the center C of z be carried along OX, 
while the center of C, of z, is carried 
along a line ow parallel to OX. Let m, 
be a roller acting in every way as the 
measuring roller of the Amsler planim- 
eter, whose axis is carried in the plane of 
the wheel z,, its direction passing through 
the center C,. When the pole-arm coin- 
cides with OX, let the plane of rotation 
of the roller m, be parallel to OX, and 
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its axis parallel to oy. When the pole-|/or the moment of area of the figure 
arm is turned through an angle SCB=a, | BDEA. 
the angular motion of the wheel z, is}! For the moment of inertia the segment 
twice that of the arm ; thus the roller m, | of z, is used, the radius of which is three 
takes the position shown in the figure. (times that of another wheel z,, with 
Z? motion of z, which it gears. The action of a roller m., 
This is so because— > notion of z, = \earried by the wheel z,, is exactly the 
same as that of m,, except that its angu- 
radius 2, _ 2 | lar motion is three times as great as the 
radius z, 1) pole-arm CB, instead of twice as great, 
*. Z Ke l=2a. as in the case of the other roller. 
Suppose the pointer py to move through| By reasoning similar to that already 
the width of the element SB at a height adopted, and taking the plane of rotation 
=y, and with it z, and z,, the roller m,|of m, perpendicular to OX in its initial 
being in contact with the diagram sur- | position, instead of, as in the former case, 
face. Then, by what was proved in the | parallel to it— 


Bigs.35 and 36 























PLAN SIDE ELEVATION 
case of the Amsler planimeter, and adopt- travel of m, _2arn, Ve 
ing the same notation. motion of translationof mm, Aw ¢é 
Turning of m, _27rn, _ le., =sin 3a 
Motion of translation ofm, Ax eK =3 sin a—4 sin’ a. 
=cos 2a SB_y,_ ‘. 
=1—2 sin’ a, CB R 
22rn, : , 
but = Is —sin a (where CB=R,), Therefore a= 8 sin a—4 sin’a= 
R, i 3 
_2arn, 2 294, gh 
2 = 12 sin? a=1— 9 | =3R — 4k) 


1 A 2 SA w@ | Or n=( 3 y Agt— = ° a, 
- ee (a7) _— Care yaa azrR,!" . \2ark,’ Jy 


which, when the pointer is taken around 
| the curve, gives, with suitable values of 
the constants, 
n,=fyde—h} fy'dz 
=area of BDEA—moment of in- 
ertia of BDEA 
= A —I. 





When the complete travel of the curve 
has been made, the sum of a series of | 
quantities similar to the first becomes | 
zero; so that, by making the constant 





1 , 
(=irs)eanal 4, the reading of the roller 





gives the value— 


M= 4 f yde, or I= A —n,. 
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The instrument, Figs. 35, 36, has an 
area planimeter attached to it, so that, by 


reading the rollers m, and m,, and sub- | 


tracting the results, the moment of iner- 
tia is obtained. 

The details of the moment planimeter 
shown (Figs. 35 and 36) are easily ex- 
plained. A guide PQ of steel has a 
groove gg, which is placed parallel to the 
axis OX by means of the gauges G, one, 
as shown, being at each end, which are 
adjusted with their points g upon the 
line OX. The rollers RR run in the 
grooves yg,and support a frame FF, 


applications of this instrument for pur- 
poses of naval architecture, but so far as 
the author is aware, no account has been 
given in this country of its applications 
in civil engineering, as proposed by Pro- 
fessor Amsler. The following brief ac- 
count of the methods in the case of cal- 
culating the contents of embankments, 
cuttings, etc., is therefore given from an 
abstract for which the author is indebted 
to the kindness of Dr. A. Amsler : 

Let Fig. 37 be the plan of a portion of 
an embankment or cutting, the character 
of which is supposed to be the same 





which carries, by means of an axle JJ, throughout, viz., of uniform width of 
Fig. 38 
B B B 
/\ /\ /\ 
oA \g pi Ap? BiLiB 
A \ A \ \ 
__ Aas _ f ae SSC’ 
8 C S > c f a 
GC £ 
Cc 
the frame EE. This frame supports the, roadway, and uniform side-slopes, the 


toothed segment z,, and the two toothed | 


wheels z,, z,, upon vertical axis. The 
former between centers, one of which is 


shown, Fig. 36, 7, the latter by steel axles | 


within the column i,/,. The pole-arm 
carries, in addition to the pointer p at! 


surface of the ground, the gradient, and 
the horizontal curvature of the roadway, 
being restricted in no way. AA’ repre- 
sents the center line of the railway; 
B,B, and B,B,’ its two borders; C,C,’ 
and C.C, the intersections of the side- 





the end, the roller m, with its dial h,,| slopes with the surface of the ground. 
forming an ordinary planimeter, and is| Suppose now the embankment or ‘cutting 
itself carried on the centers s, s, The) to be divided into thin layers by vertical 
two other rollers and dials are shown as planes, perpendicular to ‘the center line 
mm, and hh, respectively. The weight|AA’ of the roadway; PQ and P,Q, may 
W serves to balance the instrument, so|be the intersections of two adjacent 
as to avoid undue pressure on the paper, | planes with the plane of the diagram. 
and the motion is so smooth as to en-| Thenif p=area of section PQ, 


able a curve to be traced with the great- | 4 s=interval between PQ and 
and P,Q, measured upon 


est ease and accuracy. 
the center of gravity of 


the section. 


Attention has been called by the late| 
Dr. Merrifield and others to the valuable | 
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Total volume of embankment is (from 
one of the properties of Guldinus)— 


V=/pds, 
the integral extending over the whole 


length of the embankment under con- 
sideration. 


There are three cases dealt with in the | 
Paper of Professor Amsler, correspond- | 


ing to the three forms of sections, I, II, 
or III, Fig. 38. 


The first of these, I, is simple enough, | 


since the center of gravity of the section 


always coincides in plan with the center | 


Let i= 7 AGB= / MNA=gradient ; 


y=AG =distance of 
vertex to bot- 
tom of em- 

bankment ; 
| y,=AE =distance of 
vertex to top 
of embank- 

ment ; 

2 f=angle at vertex at A. 


It may be easily proved the area of 
| the section made by the plane AEG is— 


p=(AG’—AE?”’) tan 6=(y*—y,’) tan 6 


Fig. 39 


line of the roadway, and the plan of oper- 
ation is as follows: 

Let Fig. 39 represent a longitudinal 
section of a portion of the embankment | 
of uniform gradient, developed into a| 
plane; the straight line E’EE” represents | 
the top of the embankment; G’GG” the | 
profile of the ground; the straight line | 
A’AA”, which is parallel to E’EE”, is the | 
locus of the imaginary vertex of the| 
trapezoidal cross-sections. The level 
line MN is the line to which the offsets 
of the profile of the surface of the ground 
refer. BG shows the intersection of a| 


vertical cross-section with the figure, and | 
AG the intersection of a plane perpen- | 
dicular to the top of the embankment | 
(and also to the line A’AA”) with the| 
figure. 








but since 
Therefore volume=tan (/ (y’—y,") dz. 


V=/pdxz 


And thus, if # is known, the volume of 
the portion E’E’ G’G’ (Fig. 39) is easily 
found with the mechanical integrator, 
thus: 

Take A’AA” as the axis of moments, 
and adjust the rail of the instrument so 
as to be parallel to it. Start the pointer 
anywhere on the shaded figure, and trace 
round it ; the travel of the roller m, being 
denoted by M, the scale of the drawing 
longitudinally being : 


1”=m feet, 

1”=n feet; 
volume=V=20 mn’ tan 

BXM cubic feet. 


It only remains to insert a known 


and vertically 
then 
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value for tan #, which is easily done, 
thus : 

Let Fig. 40 be a perspective view of 
the sections AEG and BG (Fig. 39), 
where: 


ZC,BC,=2 a. 


CG ten B; 


AG 


Then from the diagram 








Iso Oe ten nd AG } 
als BGa 2 and 5G =608 #. 
Therefore tan a a 

COS 2 
or V= (20 wate ‘) M, 
cos 7 


where Zaand /7 are known constants. 

To complete the calculations for the 
whole route separate portions are taken, 
with the various proposed gradients. 

The above formula 
Fic.40--7 is exact for the integ- 

rator shown in Fig. 
we: /; 86, as arranged for 
English measures, a 
) complete revolution of 
4a, the measuring roller 
/ being taken as a unit 
of reading. 
ae It is to be noted 
va | that nothing is sup- 
ee posed as to the curva- 
; ture of the center line 
of the roadway hori- 
zontally, as it is sup- 
posed to be developed 
—~, m the figure. Also, 

C’ that the aggregate er- 
ror arising from the assumptions that 
the cross-sections are exact trapezoids 
will in most cases be very slight, on ac- 
count of the errors in cuttings and those 
in embankments partly compensating for 
each other, in addition to the cutting and 
filling in each section, as shown in Fig. 
41, where the small triangular portion in 
dotted lines C’DH represents the amount 
taken off the former, and added to the 
latter. 

Alterations of the proposed roadway, 
otherwise involving tedious calculations, 
simply necessitate an alteration in the 
line A’AA”, and a repetition of the me- 
chanical work of the integrator, but need 
no fresh diagram. In preparing the 


c—~. 


drawing, allowance should be made for 
ditches along the roadway in cuttings, 


which is easily done, as shown in Fig. 42, 
where B,B,, which equalizes the amounts 
taken and left, must be considered as the 
roadway line. In the case shown in Fig. 
43, the excess of the embanking over 
the cutting is approximately equal to the 
layer above the dotted line C,C,. The 
contents of this layer could be measured 
either by considering it as an embank- 
ment, and treating it as such, or by the 
simpler—and for a first estimate suf- 
ficiently accurate method—of assuming 
its section to be a parallelogram. The 
area of the shaded portion (Fig. 43) is 
then simply to be measured, and the re- 
sult, multiplied by the length of the road, 
gives the required contents. The sup- 
position that the slopes CD and C’D’ are 
the same is also sufficiently accurate. 

The foregoing is the first method de- 
scribed by Professor Amsler, and is 
extremely simple, but obviously only 
approximately accurate. The two other 
methods are capable of giving very 
accurate results, and are dealt with by 
him at considerable length. Only a short 
account of them will be given here. 

The first thing to be noted is that, as a 
rule, the center of gravity of the section 
will not really coincide in plan with the 
center line of the roadway, but will curve 
at the line SPP’S’, Fig. 44, AA’ being the 
true center line. Thus, in the expression 
JSpds, the value of ds does not coincide 
with dx, as hitherto assumed. From the 
figure it is seen that: 

As R+e 
An R’ 
where R is the radius of curvature of the 
center line. 
e 
nr} 


v= /pds= f part fP, 


and this expression must be used. 

The first of the two methods assumes 
the base of section to be inclined, but 
not broken (Fig. 38, II), and the side- 
slopes, gradient, and radius of a given 
portion to be constant. A diagram is 
prepared, as shown in Fig. 45, in which 
the dotted lines now represent intersec- 
tion of the sides of embankment with the 
surface of the ground, which do not, as 
before, coincide with the contour of the 
center line. 


Therefore As=A (1 + 


or 
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aon this ion y,=AE 

Y, =AC, 

Ht y,=AC, 
' 26= /at vertex A. 


that : 


ENGIN EERING 


Then, by similar reasoning to that 
previously employed, it may be proved 
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vat fo Pw, 
where 
U= f(y,” —y, adr + +f (y’, sats Y) da— 


/(Y, —y,) *dx 
V=3/(y—y,”) da—hS (y,’—y,) da— 
&/(y,—y,) ° de. 


} Fic. 41 
B' 


B? 
















Area of element section 
=p=(y,V7,—Y, ) tan 6 
tan’ 7 


and ep=y,4, (Y, —y,) 3 


. V=tan @ a (y, Y.—Y, *) da ——s ph 


J YY. Yi—Yz) ade. 


By a simple transformation this ex- 
pression is brought into such a form as 
to allow of mechanical integration. The 
final formula being : 








Another simple diagram has to be pre- 
pared, and by means of three operations 
of the integrator, the values of U and V 
are given thus: 


U=20x mn* (v,+v,—2,) 


W=mrn' [320 (u,—u,—u,)—100 (w,— 
w,—w, | 


where m and v have the significations 
formerly explained, and u, v, and w are 
the respective readings of the area, mo- 
ment of area, and moment of inertia 
rollers in each of the three operations. 
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Considering the great amount of calcula-| struments, revolution counters as em- 
tion thus saved, and the accurate nature ployed in meters of various kinds, form 
of the results, this second method, al-| the simplest example, and correspond in 
though involving rather more labor than | action to the devices already described, 
the first, is a very important one. by which the linear measurement of a 

The third method, which deals with the boundary is performed. These will not 
broken base, is much the same in princi- | be further referred to, and it is only nec- 
ple as the second, but the expressions|essary to consider those computing 
become more complicated, whilst six! mechanisms which, dealing with the re- 


- 


Mf 


readings of the measuring rollers are in-,sult of two simple unit measurements, 
volved. The case of an embankment, |correspond in principle to area planim- 
consisting partly of a cutting, is com-| eters. 
pletely and accurately worked out by this| It appears that Poncelet, before the 
method. 'year 1838, suggested the employment of 
The Paper of Professor Amsler con-|a continuous integrator for computing 
cludes with an example of the application | the two factors in dynamometrical meas- 
of his integrator to the problem of the) urements. This was described by Morin 
strength of a girder. }in 1838, as applied in his “ compteur” 
| for registering the work done by a team 
of horses, dragging a loaded carriage at 
Any piece of mechanism which contin- | any given velocity over any length of 
uously adds up results may be regarded|road. The principle employed was that 
as a continuous integrator. Of such in-|of the disk and roller, the use of which 


Continuous INTEGRATORS. 
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as already shown, had been suggested 
for application in a planimeter more than 
twenty years before. In the case in 
question, the disk was turned by an end- 
less cord or band from one of the wheels 
of the carriage, while the position of the 
roller on the disk was caused to vary 
with the tractive force, and its reading 
thus gave the product of force and space, 
or the actual work done. 

In 1840, a Committee of the British 
Association, consisting of Professor 
Mosely, Mr. Enys, and Mr. Hodgkinson, 
was appointed to procure the dynamo- 
metrical apparatus of Mr. Poncelet, and 
to obtain a series of experiments on the 
duty of steam-engines by means of that 
apparatus, the sum of £100 being placed 
at their disposal for the purpose. The 
report of this committee, in 1841, de- 
scribes at length the “constant indi- 
eator” of Professor Mosely, which was 
in reality a continuous steam-engine in- 
tegrator. It was entirely a new instru- 
ment, except that the principle of the 
disk and roller was employed, and also 
the traction springs of General Morin. 
The pressure of steam was allowed to 





act upon a piston so as to vary the posi-| 
tion of the measuring roller, while motion | 
was given to the surface of revolution by | 
means of the stroke of the engine. The) 
surface of revolution was a cone, which | 
was substituted for a disk, as by this ar- | 
rangement the rapidity of the changes of | 
velocity due to corresponding changes in | 
the position of the integrating wheel is | 
diminished in the same proportion in 
which the sine of one-half the angle of 
the cone is less than unity. The force | 
necessary to drive the integrating wheel | 
is diminished in the same proportion, and | 
therefore the chance of an error arising 
from the slipping of the edge of the in- 
tegrating wheel on the surface which 
gives it motion. The reports of the 
committee in 1842, 1843, and 1844 (which 
was joined in the first of these years by 
Dr. Pole), show that the action of the 
above instrument was, as far as could be 
determined in its application to a single- 
acting Cornish engine, very satisfactory, 
but apparently no mention has been made 
of it, or results obtained from it, in any 
succeeding report. 

Various other steam-engine integrators 
have been brought forward since then, 











most of them acting upon the same prin- 


ciples ; amongst these is the recent power- 
meter of Messrs. Ashton and Story, which 
is described at considerable length in the 
American edition of Weisbach’s Mechan- 
ics as apparently something new. It is, 
however, the same instrument as Mose- 
ley’s integrator, except that it employs a 
spiral instead of a straight spring, and 
returns to the use of the flat disk. 

The disk and roller has also been since 
the time of Morin applied in many dy- 
namometers, which thus become really 
“ergometers ” or “ work” measurers. In 
a series of articles which recently ap- 
peared in Za Lumiére Electrique those 
of Hirn, Megy, Bourry, and Darwin, are 
described as having a “ totalizer” or in- 
tegrator of this kind attached to them. 


Fig. 45 A 





The position of the measuring roller 
varies with the force exerted or trans- 
mitted, and the motion of the disk with 
the revolutions of the motor or machine. 
Thus by suitable counting apparatus the 
continuous product is given of force and 
space, or work done. 

A cone has sometimes been used in- 
stead of the disk with dynamometers, as 
in that of Baldwin and Eickemeyer, used 
at the Centennial Exhibition in 1876 for 
testing mowing machines, in which, in- 
stead of a measuring roller, a cylinder is 
placed with its axis parallel to one side of 
the cone, while an endless band of round 
cord is rolled along between the two sur- 
faces, so as to transmit the varying mo- 
tion of circles of different radius on the 
cone. Fig. 46 shows the apparatus of 
Mr. Roury applied to a transmission dy- 
namometer. In this the force is trans- 
mitted through a differential train of 
three bevel wheels, the middle one of 
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rey is prey to the spindle (S), | 
which supports the weight (W), and is | 
suspended from the main shaft by the | 


tegrator of the second, or non-slipping 
| class, which, as far as the author is aware, 
has yet been practically applied, is the 


joint at (&), about which the whole can | “power-meter” of Mr. Vernon Boys. 


turn. Thus, the deviation of the weight | 
from the vertical (as shown by the dotted | 
lines) changes with the force. The} 
change of ‘position of the spindle (S) 
causes a band (0) to move along the sur- 
faces of revolution RR,, the upper one, R, 


being turned from the shaft by the spin- | 
dle (ZZ). It is to be noted that the dis- | 


tance of the band (+) from its zero posi- | 
tion is not directly proportional to the 
force represented by the change of posi- 


tion of the weight, and, therefore, the | 


surfaces must be formed with a certain 


This instrument is shown in Figs. 47 and 
|48, and acts upon the same principle as 
Mr. Boys’ integrator. The piston C, sub- 
ject to the varying pressure in the engine- 


|eylinders, with which the barrel A is con- 
‘nected by the connections at B and B’, is 


moved up and down against or with the 
tension of the spring D; its rod acting 
on the arm g causes the plane of rotation 
of the roller G to take positions more or 
less inclined to the axis of the cylinder 
H. This cylinder H is moved to and 
fro with the stroke of the engine by 











curve, found by construction, in order 
that the dial and counting apparatus at 
D may correctly give the product of the 
two variables, force and space, and so 
the work transmitted through the dy- 
namometer. 

It cannot be said that continuous in- 
tegrators of this kind are at present prac- 
tically employed to any great extent. 
There are probably two reasons for this. 
One is the want of durable and reliable 
instruments. The other, the question as 
to how much, and to what degree they 
are really needed. 

With regard to the first of these, it is 
evident that in all the arrangements 
hitherto considered (with the exception 
of Baldwin and Eickemeyer device) there 
is that slipping of surfaces in contact, 
which, though of little effect as far as 
wear goes in the limited operations of a 
planimeter, becomes a very serious con- 
sideration when continuous action is re- 
quired to be maintained. The only in- 





means of the cord L, Fig. 48, and the 
roller G being in frictional contact with 
it causes it to turn round to a greater or 
less extent, according as the plane of G 
is more or less inclined to the axis of H. 
The amount of its revolution is registered 
by the counting apparatus in I (Fig. 48), 
to which the axis of H is geared, and is 
thus a measure of the power of the en- 
gine, for it gives the product of the tan- 
gent of the angle to which G is inclined 
and the distance moved through by H, 
that is the product of pressure of steam 
into the stroke of the engine. The steam 
being (as originally in Moseley’s and also 
in subsequent integrators) supplied both 
above and below the small piston, the ab- 
solute pressure is given. Thus, in the 
present case, as the change of pressure 
on C at the beginning and end of each 
stroke causes the rod of g to be alter- 
nately above or below the axis of H, so 
the motion of the cylinder to and fro will 
always cause the cylinder H to turn in 
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one direction, and thus to continuously 
integrate the work done. This device 
only enables a reciprocating movement 
of the cylinder H to be made, and the 
author has already mentioned the device 
of the sphere and rollers, which by the 


inversion of the higher pair of Mr. Boys, | 


enables continuous motion to be obtained, 
and is suitable for application in dyna- 
mometers, electric-motors, and other pur- 
poses. 

With regard to the want of such instru- 
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by the committee, already mentioned, in 
their report in 1841, where the applica- 
tion of a continuous integrator to steam- 
engines was alone discussed. The appli- 
cation has been made to electric-motors, 
and in trials of motors and machines 
generally, and there is little doubt if con- 
tinuous integrators combining the three 
qurlities of durability, accuracy and 
cheapness could be produced, that in 
these days of increased regard for meas- 
urement of all kinds, there would be a 
much larger and increasing application 
of them. 


Limits oF Accuracy oF INTEGRATORS. 


In all calculating machines, accuracy of 
the result must be the question of first 








importance. Assuming the theory relied 
on in the various instruments for the 
mathematical operation to be correct, the 
accuracy depends primarily upon the me- 
chanical arrangements, though in the 
case of planimeters it also depends upon 
the skill and care of the manipulator, and 
involves the question of a personal er- 
ror. This latter point need not be con- 
sidered, partly because this occurs more 
or less in all results obtained by observers, 
but also because it is less than might be 


ments, a very strong case was made out'| at first anticipated, from the fact that in 


Fig-48 








tracing the pointer around the curve 
there is no reason why the error due to 
moving it on one side should exceed that 


| due to moving it on the other side, that 


is, why equal errors of opposite effect 
upon the final reading should not be made. 

It has been seen that the action of all in- 
tegrators, except mere revolution count- 
ers, depends upon the motion of the meas- 
uring roller, or its equivalent, over sur- 
faces of various forms, therefore the 
above-mentioned mechanical arrange- 
ments resolve themselves into an exam- 
ination of the nature of the frictional 
contact of two surfaces. It was for this 
reason that integrators have been classi- 
fied according to the nature of this fric- 
tional contact, and it now remains to in- 
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vestigate the nature of this, to show to 
what the classification leads, to give the 
direct results of experiments upon the 
subject, and also the indirect results 
obtained from the instruments them- 
selves. 


Planimeters and integrators generally | 


have been divided into— 

I. Those in which the frictional sur- 
faces slip as well as roll over each 
other. 

II. Those in which slipping of the 
surfaces is supposed not to take place. 

The order of this arrangement was 
adopted upon historical grounds, and 
also because the former class is at pres- 
ent by far the most important; but it 


Fig. 49 y 
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would be more convenient, upon mere 
grounds of mechanical simplicity, to in- 
vert the order. 

Let AB (Fig. 49) be the plan of the 
measuring roller. Suppose a force ap- 
plied in the direction OX, making an 
angle (a) with the plan of the axis of 
AB. 


Let d=OX=distance through which 
the force acts. 


Ist. Suppose that frame which carries 
the measuring roller is free to move in 
any direction horizontally, but maintains 
the plane of rotation of the roller verti- 
cal, then the application of a force along 
OX, at the center of AB, will cause it to 
roll along the line coinciding in direction 
with the plan of the center line AB of 
the roller, that is, along the line OY. 
This will always be the case, except 
when this force is applied in the limiting 


case in the direction perpendicular to 
the plane of AB (i. e., when a=Q). 
Thus, the distance in this case traveled 
by the center of AB, which is the same 
as the path rolled by it, is 
OY= “ , 
sin a 
and the distance moved through by the 
center at right angles to OX is 


XY=d cot a. 


| The latter value is the one usually 
'taken or recorded by the instruments at 
| present in use, but depends directly upon 
| the former. 

Next, suppose the frame carrying the 
roller is constrained either by guides, as 
|in the linear planimeter, or by the radius 

bar of the polar planimeter, or other- 

| wise, to move in the direction of OX, 
that is, in the direction in which the force 
,acts. When the center of the roller has 
reached the point X, that is, when the 
force has been exerted through a dis- 
tance OX, 

Then OZ=distance slipped by AB= 

d cos a, 
XZ=distance slipped by OB= 


d sin a, 





Upon the degree of accuracy with 
which the above conditions are fulfilled 
depends the correctness of the working 
of all integrators; for not only do these 
two cases entirely cover the action of 
the two classes of planimeters, and 
‘the corresponding continuous integra- 
'tors, but one of the limiting cases in 
| each, viz., that in which the force acts in 
the plane of rotation of the wheel (when 
a=90°), represents the conditions under 
which the wheel of the boundary meas- 
urer or opisometer is employed. It may 
be therefore said that the theory of me- 
chanical action of integrators is based 
upon one or other of the following as- 
sumptions, in which the limiting case 
(namely, when a=90), is included. 

Class I.—That the rolling of the 
planimiter, when slipping is allowed, is 
N,=4,d sin a. 

Class II.—That no slipping takes 


place, which amounts to the assertion 
that 
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N, and N, being the readings in each 
case, and &, and &, suitable constants for 
the instruments. 2 

It is easy to see that the first of these 
is really the assumption made for all in- 
struments in Class I.; but in the various 
instruments in Class IL., it is only with 
the planimeter of Mr. Boys that it be- 
comes directly obvious that the above as- 
sumption is made. With the others, 
though it is less evident, nevertheless, it 
will be found, on examination, to be 
equally true that the second supposition 
is really made, and that upon its truth 
the correct action of all instruments in 
the second class depends. The forces 
acting in each of the two cases must 
therefore be taken ‘into consideration 
and the mechanics of the problem exam- 
ined. 

Proceeding in order of simplicity, Class 
II. will be examined first. 


Let AB in both cases (Fig. 50) be the | 


plan of the measuring roller. 


Let S=reaction of surface upon which 
AB rolls, that is, the force 
with which it is kept in con- 
tact with it ; 

u=coefficient of friction between 
roller and surface ; 

P=OC=reaction of surface, which 
must be brought into action 
in a horizontal direction to 
cause the roller to turn on 
its axis. 

Class II. (Fig. 50).—Suppose the 
frame in which the roller is carried to be 
free to move in any direction horizontal- 
ly, let a force be gradually applied at the 
center of the roller AB in the direction 
perpendicular to the plane of rotation. 
This will produce no effect as long as it 
is less than the maximum resistance, 
which can be opposed by friction be- 
tween the edge of the roller and the sur- 
face upon which it rests, that is, as long 
as 

R=OD (Fig. 50) <Sy. 


When the force R is equal to Sy, and 
acts within the angle 6, the roller AB 
will move with uniform motion along the 
line of action of the force without turn- 
ing. The same thing will hold if, instead 
of the force acting perpendicularly to 
the plane of rotation, it acts at some 
oblique angle to it not exceeding a cer- 








tain value measured from the normal. 
The limiting value of this angle depends 
on the resistance of the friction of the axle 


of the roller AB to turning. Let this 

angle be (9), and draw OE perpendicular 

to OC, meeting the circle drawn with O 

as center and radius OD in E, and let 
&=angle EOD. 


When the line of action of the force falls 
without the angle 6, as, for instance, 


Fig.50 
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when it takes place in direction OF, the 
roller will still slip along the line of the 
force, but the roller will now also turn. 
The component in the plane of rotation 
will now, however, be of a magnitude 
such that the motion of rotation of the 
roller is no longer uniform. Since only 
uniform motion is being considered to 
take place, the conclusion is, that when 
the force acts at an angle greater than 0 
to the axis of rotation (7. e., when a>8@) 
it must never be so great as to cause 
the roller AB to slip, and therefore only 
a motion of pure rolling can take place. 
By proper mechanical devices the roller 
can be made to turn very easily, and angle 
be kept very small. 
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The magnitude of the force which 
must be applied in any position of the 
roller to effect this motion, is 





P,=OK= 00 
sin a 
=F cosec a, 


and is at once given by the intercepts 
drawn from O to CE in the construction, 
shown in Fig. 50, for any other value 
of 4. 

Class I. (Fig. 51)—Suppose that the 


Fig. 51 








frame does oppose restraint, and that 
this restraint is such as to always cause 
the center of AB to move in the direc- 
tion in which the force acts. Let OF 
(Fig. 51) lie in this direction, making the 
angle a with the axis of AB, draw EF 
perpendicular to OF from the point E, 
then by the triangle of forces. The force 
required to move AB is 
P,=OF=Su cos (a—6). 

The reaction which is supplied by the 

frame is 
Q=EF=Svy sin (a—8). 

By describing a semicircle upon OE a 
construction is at once given, as shown 
in Fig. 51, in which, by drawing radial 
lines from O, the value of P, for any 
angle is at once given by the intercept. 

The above investigation is by no means 

Vou. XXXIII.—No. 6—32 


a complete one, for this would require 
a discussion of the moments acting, but 
having obtained the above result by the 
more complex method, the author con- 
sidered it unnecessary to introduce a 
more detailed proof than has been 
given. 

Comparing the two foregoing cases by 
means of the diagrams in Figs. 50 and 
51, Diagram AB, it is clear that the 
forces acting always differ, except in the 
limiting cases; then 


If a=90° P,=P,=F=OC; 
a= 0° P, is <Sy; 


P, is SSu. 

In order to examine to what extent the 
assumpltions hold good upon which the 
accuracy of integrators rests, the experi- 
mental determination of the following 
points is needed. : 

I. Case of boundary measures and lim- 
iting case of both classes of area and 
moment integrators.—The conditions of 
rolling of two surfaces when the force 
acts in direction of the plane of rotation. 

II. Class I. of area and moment plan- 
imeters.— Whether the rolling is propor- 
tional to the slipping, as assumed. 

ITI. Class II. of area and moment plan- 
imeters.—Whether there is any slipping 
in this case, and if so, to what extent. 

Case I. There are two separate prob- 
lems under this head; one, where the 
planes of revolution of the two rolling 
surfaces coincide; and the other, when: 
they do not coincide. 

Dr. A. Amsler has experimentally in- 
vestigated the former thus: Two acen- 
rately turned disks, SS', (Fig. 52), each 
200 millimeters in diameter, were placed 
with their edges in frictional contact, so 
that the mark shown on each coincided 
at the point of contact. By means of the 
apparatus (Fig. 53) the lower one S was 
turned by means of a band (BB') through 
1700 revolutions one way (thus turning 
the upper one §,), and then 1700 revolu- 
tions in the opposite direction. The 
marks which should have coincided if no 
slipping had taken place, were now found 
to be as in Fig. 52, the marks being a 
distance = &, = 0.05 millimeter apart. 

En as 
2n7200 — 


This experiment is 


The relative error is thus = 





1 
(about) 0,000,000" 
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only of value to show the error when the | 
wheel travels back by turning in the op- 
posite direction, and at the most, shows 
that the error is nearly the same in both 
directions, and does not prove anything 
with regard to the action of the measur- 
ing roller of the boundary measurer ; 
concerning this point, observations were 
wanted upon the results of the first 1700 
revolutions. A very good way of exam 

ining the point would be to note the diver 


Fig. 52 





gence of the marks in « revolutions when 
S drives S,, then cause S, to drive S back 
through the same number of revolutions, 
and it would be seen whether the diver- 
gence was due to a difference in the per- 
iphery of the wheels, or to a slipping of 
the surface of contact. During Dr. Ams- 
ler’s experiments no one was allowed to 
enter the room, in order to avoid altera- 
tion of temperature. He found that the 
heat radiated from the human body, or 
even from a lighted candle placed at 
some distance, had a perceptible influence | 
on the result. 

Fig. 54 shows a most important case, 
in which the plane of rotation of the sur- 
faces in contact do not coincide with that 
of the measuring roller (7) being actu- 


~| vertically under a microscope (K). 
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ated by the disk M. Fig. 55 shows Dr. 
Amsler’s apparatus for examining this 
case, in which, if the edge of the roller 
has any width, there must be slipping 
action, even though the force always acts 
in the direction of the plane of rotation. 
The roller m which rests on the upper 
surface of the disk, which latter has its 
edge divided, and is in juxtaposition with 
a vernier (v). The axis of the roller is 
fixed, and its edge is thus kept always 
The 
position of the disk is noted, and it is 
then moved forward about 8 revolutions 
(or exactly 2,900°), which gives the roller 
about 130 revolutions, and a mark is ob- 
served on the latter. Then in theory the 
result of giving 8 more revolutions to the 
disk in the same direction should be to 
bring the same mark of the roller under 
the microscope, Practically the succes- 
sive motions of the disk will be a little 
different, so that the second advance of 
the disk will not be exactly the same as 
in the first case. The same mark on the 
roller is, however, always brought under 
the microscope, and the difference in 
turning of the disk is what is noted. 
In the following table— 
¢=number of experiment, 
g=angle by which the disk differs 
from last reading, 
so that the second column gives the po- 
sitions of the disk at the end of succes- 
sive advances in which the roller is made 
to take 130 complete revolutions, the 
third column shows the travel of disk in 


/ minutes (2,900° having, of course, to be 


added to the readings). The fourth 
gives the difference between these and a 
mean value. The last gives the ratio of 
these differences to the travel. 





oj-—2 2,900°. 04 — O¢—1) — 2,900 


| | m— (oi — o(i—1)) 
m—(¢ —¢i-1 |——> 0°. 





0 2.58 7.22 
1 49.80 47.28 
2 37.08 7.34 
3 24.42 46.98 
4 11.40 47 .22 
5 58 .62 47.04 
6 45.66 46.98 

32.64 47.34 

19.98 46.86 








—0.06 —0.0000003 
—0.12 —0. 0003007 
—0.18 —0.0000010 
+0.18 —0.0000010 
—0.06 —0.0000003 
+0.12 +0.0000007 
+0.18 —0.0000010 
—0.18 +0.0000010 
+0.30 +0.0000017 
—0.18 —0 0000010 
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Case II. To test the results when a 
roller partly rolls and partly slips, Dr. 
Amsler used the apparatus shown (Fig. 
56) in plan and elevation. In this C isa 
carriage, running upon four wheels, on 
the base (B), which has parallel grooves 
planed in it; the travel of the carriage 
being limited by two stops at the ends. 
Upon the surface of C the measuring 
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If p=actual reading of vernier v ; 
jand m=, when a=90 or 6=0; 
then u=s cos (py —¢,), 

u,=s COs (~p,—¥*,), 

U,=8 COS (P,—@,), ete. ; 


u , COS P,— “4, COS Pp, 


Then tan y, = —— : ; 
u, Sin ~,—U, sin —~, 
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roller (m) rests, being attached to a plate 
A. By means of the graduations on A 
the axis of (m) can be set at any required 
angle with reference to the direction of 
motion of the carriage. The frame sup- 
porting the roller is carried on the disk 
by means of pivots, so as to allow (m) to 
rest on the surface of C with the constant 
pressure of its weight. 

If a=angle of axis of (m) in the direc- 
tion of the motion of the car- 
riage ; 

s=motion of the carriage ; 
u=turning of the roller; 


rd 
Then w=s sin a=s cos 5—*)=s cos f. 


2 


U, u“ 


s= — = s 

cos (~,—P,) cos (~p,— P), 

In the following Table, which repre- 

sents the results of experiments when 

the disk was covered with a surface of 

pear-tree wood, carefully polished (paper 

being, however, found to afford almost 
as good results): 





i=as before, the number of the experi- 
ment ; 
B,=angle of inclination of roller for ex- 
periment (¢) ; 
u’;=motion of roller as observed for ex- 
periment (7) ; 
“4=motion of roller as calculated. 
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to do more than give in the most brief 
















































do not appear to have been made the 
subject of direct experiment. It is ap- 
parently always tacitly assumed that no 
slipping takes place. But this crucial 
point cannot be thus left to mere con- 
jecture, and the author has designed a 
method of carefully testing this, which 
he has not yet been able to properly 
carry out. From a few rough observa- 
tions, there seems little doubt, howevei, 
that some slipping always does take 
place, and that its amount is, in the 
limiting cases, by no means inconsider- 
able. 

Lastly, a few words may be said con- 
cerning the work of Professor W. Tinter 
and of Professor Lorber. The former 
has examined most carefully no less than 


sive and elaborate that it is impossible 


| 3 OnmdtHOonHOonn | form the results at which he has arrived 
|. | ierrrre 8% after many thousands of experiments. 
| $ He concludes that error in the reading is 
a —= — always represented by an equation of 
io | ithe form— 
3 } QrtytMmnReoosco 
| = HOH OHORHSSHH — 
| BS | eee narsees | Fig.54 
a. | SASS doso syd | 
| o eo = = 
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Class JII.—The actual conditions of : : 7 
motion when a force smaller than the Ps > 
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nine different planimeters, from which he — M 

concludes that the different angles at 

which the measuring roller of the polar 

planimeters has little effect upon the re- 

sult, and that, taking one turn of the 

measuring roller as f=100 square em., - = 

the average error in the reading was Un=K + + Ma/ yy 

only from =0.00075 to 0.0013, according dn=the error in the reading, 
as the center of rotation was without or K and yz’, being con- 
within the area to be measured. The stants. 

work of Professor Lorber is so exten-| where n=the reading of the meas- 


uring roller; 
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the above equation gives rise to one of 
the following form : 


dF, =K f+ M/F: 





| Precision polar planimeter 


=0.00069/'+ 0.00018 4/7 


| 
| Freely swinging planimeter 






































where F=actual area to be meas- a 
ured, =0.000607+ 0.00026 ,/Fry 
Fig. 56 
[ 
ja 
) === 
PLAN 
A m 
srop an a2 = STOP 
| (2) [ () 
| _\B 
If _f 
ELEVATION rT 
and d¥,,=the error in the result ex- Simple plate planimeter 


pressed in terms of the | 
Rolling (Coradi) planimeter 


area. 


The following are the results given in 
his latest paper : 


Linear planimeter dF 
=0.000817+ 0.00087 / FF 


Polar planimeter 


=0.001267+ 0.00022 ,/Fr 


=0.00056/+ 0.00084,,/F7 


=0.0009 f+ 0.0006 4/F¥ 


The degree of accuracy represented 
by these results may be inferred from 
the fact that in one case of the last plan- 
imeter, when 
1 


f=100 the relative error=' F ~ 13,330° 





By P. J. 


SomME years since, experiments were 
made in Dharwar, in India, by Mr. J. H. 
E. Hart, C. E., on the shrinkage of earth- 
work, and the results of these experi- 
ments agree with the results arrived at 
by Mr. Specht (Transactions Technical 
Society, May, 1885), namely, that the em- 
bankment at first gave a volume larger 
than that of the pit from which the ma- 
terial with which it was constructed was 
excavated. 

Mr. Hart had three pits excavated, and 
the material from each pit was formed 
into a bank. The first pit, in black cot- 
ton soil, was 49’ x 4}’ x 2’=416 cubic feet. | 
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Transactions of the Technical Society of the Pacific Coast. 


This was formed into an embankment 
which measured 50’x6’x2’=600 cubic 
feet. After the bank was measured, 
some of the earth from it was filled back 
into the pit, up to the level of its edge, 
and the balance remaining measured and 
found to be equal to 191 cubic feet. We 
have here, first—An increase from pit to 
bank of 184 cubic feet; and, second, 
again an increase from bank to pit of 7 
cubic feet. 

During the rainy season (and the rains 
in Dharwar are heavy), as the material in 
the pit sank it was filled up to the level 
of its edge, and at the end of the rainy 
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season the balance was measured, and | as it is deposited from the baskets, and 
found to be reduced to 22.5 cubic feet. | then well punned with wooden or cast- 
This showed an increase of the made| iron rammers weighing about 12 pounds. 
ground over the pit by 5.3 per cent. | In addition, the constant trampling of the 
The second and third experiments were|men, women and children employed in 
made in red gravelly soil, or moorum, | carrying the baskets, so consolidates the 
which is an iron-stone gravel, mixed with | bank as to make it impervious to water. 
about 50 per cent. of earth. |The layers of earth are sometimes wa- 

In the second experiment a pit 494’ | tered. Embankments constructed in this 
41’ 2’=420 cubic feet, formed a bank | manner shrink or settle very little after 
which measured 494’ x 6’ x 13’=520 cubic | they are finished. They are, in fact, an 
feet, giving a first increase of 24 per|approach to puddle work, though not 
cent. nearly so expensive. 

A third pit, 494’x44’x2’=445 eubic| The writer has constructed embank- 
feet, was excavated, and the material| ments with a grading machine, tipping 
again filled back into pit, leaving a bal-|from wagons from grade, wheelbarrows, 
ance of 111 cubic feet=25 per cent., as hand-cars, carts, scrapers, and punned 
a first increase. During the rains the | basket-work, and of all these he believes 
pit was kept filled to level of edge, and | that punned basket-work settles the least, 
after the rains the balance was 55 cubic| and is the best suited for bydraulic 
feet, giving an increase of 12} per cent.| work, and the next best work to it for 

Although these experiments are on a/a similar purpose is that done by scrapers. 
small scale, still they are of some useas| Thousands of embankments, and some 
information on a branch of engineering | of them counted amongst the largest and 
that has not been experimented onas fully | oldest dams in the world, have been con- 
as the subject requires. The experi-| structed in India by basket-work, with- 
ments, however, would be more useful out any puddle wall or puddle lining ; and 
were full information given as to how|/some of them, that have been looked 
the embankments were constructed and | after and kept in repair, are as good, if 
the pits filled, that is, as to whether | not better, at the present day than when 
wheelbarrows or baskets were used for they were originally constructed, hun- 
the carriage of the material, and the earth | dreds of years since. 
deposited in layers and rammed; or as| This kind of work is done much 
to whether the earth was simply thrown cheaper there than earthwork in this 
out ‘from the pit and thrown back again | country. _ The writer has constructed 
after measurement in bank. embankments in the Panjab, the lead be- 

From the large increase of embank-|ing from 100 to 200 feet, for three ru- 
ment over the excavation, the inference | pees per thousand cubic feet, that is, at 
to be drawn is that the material was not | the rate of four cents per cubic yard. 
rammed. More than forty-five years since, Mr. 

Embankments in India are often con-| Ellwood Morris. C. E., made some ex- 
structed by basket work, the material be- periments, on a large scale, on the shrink- 
ing carried in saucer-shaped, wicker bas-| age of earthwork. The embankments 
kets, containing less than a cubic foot.| were formed in layers by carts and scra- 
In the construction of embankments to! pers, and one winter intervened between 
retain water, this basket work is done in the commencement and completion of the 
thin layers of less than nine inches in work. The results of the measurements 
depth, the earth being roughly leveled up are given in the following table : 








| : 
Compression. 


Excavation, | Embankment, 


Nature of soil. Cubic Yards. | Cubic Yards. 


[In Cubic Y’ds.| Proportional. 
| 





Yellow clayey soil............ 6,970 6,262 | 708 0.1015 

y. @ 25,975 23,571 | 2,404 0.0925 

EAght sandy soll... .....0-5. 6000. 10,701 9,317 1,384 0.1293 
| | 





GN SU scaesw ceca 43,646 | 39,150 4,496 0.1030 

















SHRINKAGE 

The total average compression in em- 
bankment being a little more than 10 per 
cent. of the excavation. Other observa- 
tions, on a smaller scale, showed that 
gravelly earth shrank about one-twelfth. 
The results of these experiments, along 
with the experiments on rock, are given 
in the table at page 464. 

With a few exceptions the results of 
these experiments have been heretofore 
used, and are still in use to the present 
day, in American, English and Indian en- 
gineering practice. 

As a rule, books of reference in the 
English language give the shrinkage of 
different materials, without making any 
allowance on account of different meth- 
ods of construction and different heights 
of bank. For instance, the shrinkage of 
earth, in general, is given at about 10 per 
cent. Now, i 








for the shrinkage of a bank of that ma-| 


terial, and 30 feet in height, constructed 
from the end of bank to the full height 
by “tipping” from wagons, surely a 
similar bank only 12 feet high, built up 
in layers, and consolidated by good scra 
per work, will shrink much less than 10 
per cent. 

In no other branch of civil engineer- 
ing, since the time when railroads were 
first commenced, has such an immense 
quantity of work been carried out, and 
expenditure incurred, as in earthworks ; 
and in no other branch of engineering, | 
of equal importance, have so few experi- 
ments, on a scale adequate to the inter- 
ests involved, been published. In other 
branches of engineering, long, tedious, 
and expensive experiments are carried 
out without any other return resulting 
from them than the information they 
give; but experiments on earthwork 
could be carried out on a large scale, as 
actual work, and with little, if any, addi- 
tional expense more than the contract 
price of the work. 

In the experiments that have been 
made there is a want of general agree- 
ment, and in some cases the results ob- 
tained, in similar materials, differ so much 
from each other as to point more to er- 
rors made by some of the observers than 
to errors resulting merely from the dif- 
ferent methods of construction. This is 


well illustrated in the table which I now 
give, showing the percentage of increase 
or diminution from cut to fill. 


Some of 


OF 





BA RTHW ORK. 


the materials are antes « more than 
once, with a slight change in name, but I 
deem it better to give the author's own 
words, descriptive of the material, than to 
make a selection of the materials under 
a fewer number of names. 

The experiments of Henz, Von Kaven 
and Graeff, given p. 464, are taken from 
Mr. Specht’s paper, already referred to. 
The experiments of Henz, quoted in the 
that table, are stated to give the perma- 
nent increase in volume from cut to fill, 
and to be the result of a large number 
of observations of actual work. 

From an inspection of the table it will 
be seen that Henz gives a permanent in- 
crease in volume of from 1 to 6 per cent. 
—sand and clays—for materials of the 
same description as those for which Mr. 
Morris and other engineers allow a 
| shrinkaye of from 8.5 to 12.5 per cent. 

Then, again, for rock, Henz allows an 
increase of from 8 to 12 per cent., and 
Von Kaven an increase of from 8 to 10 
per cent., but, for the same material, 
Morris allows 42 to 60 per cent., Searle 
| 60 per cent., Trautwine 66 to 75 per 
| cent., and Molesworth 50 per cent. of in- 
| crease. 
| The writer is at present engaged on 
the construction of the south jetty of 
Oakland harbor for the United States 
Government. In the carefully-laid dry 
masonry of this work, where all badly- 
fitting stones are rejected for face work, 
‘and the stones are too large to be laid 
by hand, and require a derrick for that 
purpose, the voids, before chinking is 
| done, are more than 12 per cent. of the 
laid face work. There is no method of 
railroad construction by which an em- 
| bankment can be made so as to have as 
few voids as this jetty. On the con- 
| trary, however, by the usual methods of 
| construction, the voids will be found to 
be from six to seven times more than the 
quantity given by Henz. 

The difference in rock between the Ger- 
man, and American and English experi- 
ments is very great, but it will not be dif- 
ficult to prove that there is something 
wrong with the German rock experiments. 
Trautwine gives the average weight of 
granite at 170 pounds to the cubic foot, 
and he also gives the weight of a cubic 
foot of roughly-scabbled, dry rubble 
granite masonry at 125 pounds. There is, 
therefore, an increase in volume of 36 
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Percent. of 
Increase-+- 
or Diminu- 

Material. Authority. tion—of 

Emb’nkm’t 


Remarks. 


t 
|Excavation. 





EN I. ax ciigcins cee NE. acie enrns.cr aceon \—10 
Sandy skh ces ccna BE: 6 Sn tsavkaneeease |-+-1 to + 
Teer | ee ee |-+9 “latter fill is finished 
Light sandy earth........... a rrr |—12.5 
Light SNE BOM 5 kav sss sssees PROISWOPEL, . «00005005 —11 
Gravel and sand............. Re -9 
Sand and gravel............. Trautwine—Searle ....|-—8 
Earth..... eas 2, ce oe Miss. Levees, 1882.....]........ | addition to height of bank. 
ree Sree —10 
Earth (scraper work)........ Canadian Pacific R. R.|}... Shrinkage of bank 10¢. 
Earth (grading machine)..... Canadian Pacific R. R.|........ Shrinkage of bank 15 to 17¢. 
Earth (carefully IE... 5 « cE 6004-50 -oss000% —9 to —20 | 
Loam & light sandy earth. ... Vose. . .-./—12 
SEES E SR ene ‘Trautwine—Searle.. .. .|—12 
ROY ORG 1OGMB. 6 00s ccceec ses WOR DAVOS, occ ccces +2 |After fill is finished. 
Clay and light soil........... Re aun yaees wom +3 | 
Olay and earth... ....ccesses LOOP 
Yellow clayey earth.......... Seer rere —10 
Gravelly earth.........00..:- SEES SiS erate —8.5 
DN cxnmaeseeecas Sais eld Molesworth—Vose ....|/—8 
| eee ee ae ene ¢ addition to height of bank. 
| BRS EO eens Trautwine—Searle ....|—10 
DM ecru ine atatecede wae Ne co onoa wasn wide +4 to +5 
eee re NN iss co veen sa +5 After fill is finished. 
eae eee +6 to+7 
Clay before subsidence...... Molesworth........... +20 
Clay after subsidence........ Molesworth........... |—8 
Puddled clay. .............. po re —25 
Wet soil ..... ia sal e!a ties iit graders —-15 
Loose vegetable surf. soil..... Trautwine............ —15 
_, BER eae Molesworth......... ./-+80 
Soft sandstone .............. Lt re +3 After fill is finished. 
SRE ee ee ee) ener +8 to+10 After fill is finished. 
EE ee en ere Eee meres +8 to +12 
SO REE ene sare SII 5.0 are oi lataoGnbatswiana +50 
EE Seen OCT +50 to +60 
Er eee ere Rhine Nahe Railroad. .|+25 
ee po tas ei ah we bine SIMUOMING . 50s sce +66 to +75 
Rock, large fragments....... IS ccacdsinaanaqete +60 
Hard sandstone rock, large 
fragments.... cat ENC Ss 6 Sat'pwn aeanas +42 
Blue slate rock, “small fr: Ag. 
NE RR aE ee ee SEE OTe +60 
Rock, large blocks........... Molesworth. .......... +50 
Rock, medium fragments.... Searle —..........4. 70 
Rock, medium unselected. ... Molesworth. .......... +25 to +30 
BROCK GROEM). 6 5c cccccceess Molesworth, .......... +20 
Rock, small fragments....... ass ds sicnorwendiand +80 
Rock fragments (loose heap’.. Trautwine............ +90 
Rock fragments ( carelessly 
Sh ih uadciie aimee co ee ee +75 
Rock fragments (carefully 
See ee Ce +60 
Rock mixed 4 to } clay...... (io Sere +9 
Rock with considerable ee eee 
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per cent. from solid rock to dry masonry. | therefore amount to 44, which is equiva- 
In order to reduce the increase to only 8 | lent to an increase in volume of 79 per 
per cent., given by Henz, the voids in his | cent. from the solid rock. This agrees 
rock embankment would have to be less | with Searle and Trautwine. 

than one-fourth of that of the dry granite| In Gillespie's “ Roads and Railroads,” 
masonry mentioned. In railroad con-| he gives a quotation from Gayfifier, which 
struction, as generally carried out, this | says: 

is not possible. Well-dressed granite or| “A cubic meter of broken stones, 
limestone uncoursed masonry contains | placed in a water-tight box, which they 
more than 8 per cent. of mortar. Gen-| just fill, can receive in the empty spaces 
eral Gilmore, in his work on “ Limes, Ce- | between the fragments a volume of water 
ments, etc.,” states that ordinary masonry, | ;48;, or nearly one-half of the whole, the 
in courses of 12 in. to 20 in. rise, contains actual solidity of the stones being there- 





about 8 per cent. of mortar. 

If the percentage of increase allowed 
for rock is to be accepted as a fair sam- 
ple of the accuracy of the experiments 
of Henz and Von. Kaven, as a whole, 
then the conclusion to be arrived at is, 
that any estimates based on them must 


be inaccurate and lead to serious errors. | 


The disagreement of the German au- 
thors from the American and English au- 
thors as to shrinkage, is certainly re- 
markable. The Germans give, on the 
whole, a permanent increase for sands, 
clays, and similar materials, but, on the 
contrary, the Americans and English 
give a diminution. For rock, the latter 


give an increase from cut to fill many | 


times more—in some cases nine times 
more—than the former. 

American and English authorities also 
differ materially on some points, as shown 
in the small table below, which gives the 
percentage of increase for rock of differ- 
ent sizes : 


fore only ,§2;. This does not vary for 
|stones from 1 to 8 inches in size.” 
| This is equivalent to an increase of 92 
| per cent., and is practically a close agree- 
'ment to the result obtained by Trautwine, 
|with a loose heap of rock fragments, 
| which gave an increase of 90 per cent. 
As an instance of large percentage for 
shrinkage, I may mention the construc- 
| tion of the Western Division of the Can- 
‘adian Pacific Railway, where 10 per 
_cent. was allowed for the subsidence of 
}earthen embankments constructed by 
scraper work, and 15 to 17 per cent. for 
similar banks constructed with a grading 
| machine. 

Another instance of still larger per- 
centage is that on the construction of the 
| levees of the Mississippi (1882), where 17 
| per cent. is allowed for shrinkage of em- 
| bankment, and this, be it remembered, is 

for an embankment which is intended to 
‘keep out water. The specifications do 
| not state the method of construction, and 








Rock, large fragments 
Rock, medium fragments 
Rock, small fragments 


| Molesworth. Searle Trautwine. 

on 50 +60 | +66 to+75 
.++.| +25 to-+30 Mn ‘bechaghecase cea 

oon 20 +80 +60 to +90 





In this table it will be seen that Moles- 
worth makes the voids to decrease with 
the decrease in the size of rock, whereas 
Searle and Trautwine make the voids to 
increase with the decrease in size of the 
rock. 

Under the heading of “ Volume of In- 
terstices in Concrete,” Molesworth gives, 
for five descriptions of small stone, the 
“percentage of total”—that is, the per- 
centage of interstices to total volume. 
The mean of these five is 44. In a vol- 
ume of 100, including voids, the voids 


no mention is made of a grading ma- 
chine, but it is stated that “a sufficient 
number of dumping men be kept on the 
levee to spread the earth as it is wheeled 
or carted in.” 

In sandy loam Mr. Specht found the 
volume of embankment, after completion, 
‘to increase more than 9 per cent. over 
the excavation. Morris and other au- 
thorities found that similar materials had 


‘an ultimate shrinkage of over ten per 


cent. Therefore, to cause an equal 
shrinkage of 10 per cent. from cut to fill, 












































Ae mayen 





tte ie. ape Oh NE Bata 





466 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 








in Mr. Specht’s work, his embankment, 
after completion, would have to shrink 
about 18 per cent. In other words, a 
bank of loam, 10 feet high, built up in 
layers by scraper work, would have to 
settle about 2 feet. 

An examination of the table at page 
464 will show other serious differences 
amongst the authorities given, in the per- 
centage allowed for shrinkage. 

In such experiments any near agree- 
ment is not to be expected, but at least 
it is reasonable to expect a general 
agreement tending one way from the 
same materials in similar banks. The 


in the rules given, I give three examples 
from three well-known authors. Searle, 
in his “ Field Engineering,” gives the ratio 
of shrinkage to cut for different mate- 
rials, and adds, with reference to settle- 
ment : 

“The lineal settlement will be about in 
the ratios given above.” 

An investigation will show this rule 
to be correct. 

Alexander L. Holley, C. E., in his 
“ Railway Practice,” states : 

“ The shrinkage of earthwork is stated 
to be as the cube of the depth ; hence the 
necessity of due provision in lofty banks.” 
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experiments conducted in this manner 
should all show, for similar materials, 
either a diminution or increase, and not 
a diminution in one case and an increase 
in the other. 

In the practice of American and Eng- 
lish engineers there is considerable di- 
vergence amongst themselves as to the 
subsidence or settlement of embank- 
ments, which subsidence again depends 
on their shrinkage in volume. Some au- 
thors give the percentage of shrinkage 
without any reference to settlement of 
bank, and in these cases the inference to 
be drawn is that the settlement is the 
same as the shrinkage. Other authors 
give rules for the settlement which do 
not agree with the shrinkage. 

In order to show the want of accord 


For the purpose of illustration, the 
shrinkage and settlement are assumed 
for a bank 5 feet high, and from this 
the settlement of a bank 40 feet high is 
found. The bank shown in Fig. 1 (not 
to scale) is 14 feet wide on top, 5 feet 
deep, and has side slopes 14 to 1. 

After ultimate shrinkage the five-foot 
bank is assumed to have settled 3 inches, 
therefore the area of shrinkage will be «, 
b, e, d, e, f, a, on fig., equal to 21.5 x .25 
= 5.375 square feet, which is a reasonable 
shrinkage, being only 5 per cent. of the 
area of the bank. 

Now, as 40°: 5°:: 512:1. 


Therefore, the shrinkage of the 40 feet 
bank will be: 
5.375 x 512=2,752 square feet. 
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This is equal to A, B, C, D, E, F, A, Fig. 
2; and, as the shrinkage is all vertical, the 
area of shrinkage divided by mean width 
=settlement. 

Therefore the settlement = lie = 37 
feet, being almost the full height of bank. 

If the shrinkage of the 5-foot bank be 
taken at only 2 per cent., then, by the 
rule of the cube of the depth, the settle- 
ment of the 40-foot bank will be 14 feet. 
From these examples it will be seen that 
this rule does not hold good, and that the 
shrinkage is not as the cube of the depth. 
Mr. Holley evidently copied this rule 
without investigation. 

There is a sort of scientific look about 
the rule, but an investigation will show 
that itis nothing more than a most use- 
less and misleading rule of thumb. 

To show how rules are sometimes 
glanced over and accepted without in- 
vestigation, it may be mentioned that this 
rule was given, several years since, in a 
work which, in other respects, is accurate, 
namely, the “Treatise on Civil Engineer- 
ing,” in use at the Roorkee Civil Engineer- 
ing College, and, in all likelihood it is 
continued in it to the present day in the 
last edition. It was not until long after 
the writer left the college that he tested 
its accuracy and found out its fallacy. 

Vose, in his “Manual for Railroad En- 
gineers,” quotes the experiments of Morris 
for shrinkage, after which, and under the 
heading of ‘‘ Subsidence,” he states : 

“It has in some cases been specified 
that the embankments, when completed 
by the contractor, should be finished 
to the full height from three inches 
above the intended height, upon a bank 
5 feet high, to nine inches upon a 40- 
foot bank, and intermediate heights be- 
ing in proportion.” 

Vose here gives a rule that in a certain 
case, when a 5-foot bank subsides 3 
inches, a 40-foot bank will subside 9 
inches. Healso states that banks shrink 
a certain percentage in proportion to 
their volume. As already shown, the 
shrinkage of a 5-foot bank, and corre- 
sponding to a subsidence of 3 inches, is 
5.375 square feet, which is five per cent. 
of the area of bank, 107.5 square feet. 

Now, a 40-foot bank (Fig. 2) has an 
area of 2,960 square feet, and 5 per cent. 
of this=148 square feet=its shrinkage ; 





and, as this shrinkage occurs only in the 


vertical direction, * =2 feet =the depth 


of settlement: and not 9 inches. From 
this it will be seen that the rules for 
shrinkage and settlement, as given by 
Vose, do not agree with each other. 

I think I have shown that there is a 
great want of general agreement in the 
results of experiments on shrinkage, and 
also in the rules for settlement as given 
by writers on the subject. 

Holley says: “Correct allowance is 
made for the settling of the material of 
the bank, and time is given for this set- 
tling to occur before the ballast is 
brought on or the rails and sleepers laid. 
The shrinkage of earthwork sometimes 
disturbs the grade ata rate of several 
feet rise or fall per mile—in normal 
grades of 60 feet, on the New York and 
Erie Road, a distance of 500 feet was 
found to rise at the rate of 75.4 feet 
per mile, this distance being approached 
and succeeded by the regular grade of 
60 feet. In another place, for the dis- 
tance of 200 feet, the rise was found to 
be at the rate of 116.7 per mile, with a 
level of 100 feet length both above and 
below—the average grade over the whole 
mile being 60 feet. These cases are 
similar to what occurs where railway 
earthwork is not properly settled before 
being brought into use.” 

On the assumption that the settlement 
is in proportion to the shrinkage in vol- 
ume, I will now show that, even when 
due allowance for settlement is given to 
the bank to make up for the shrinkage in 
volume from cut to jill, still cases hap- 
pen where the bank will settle more than 
that allowance, and it is possible that the 
banks mentioned by Mr. Holley had, 
when they were first built, the full allow- 
ance for settlement usually given. 

It is well to note here that there is a 
marked difference, in some cases, between 
the shrinkage of an embankment, and the 
shrinkage of the material of which it is 
composed, from cut to jill. 

Trautwine says: “Although earth, 
when first dug and loosely thrown out, 
swells about } part, so that a cubic yard 
in place averages about 14, or 1.2 cubic 
yards, when dug; or 1 cubic yard dug is 
equal to 8, or to .8333 of a cubic yard in 
place; yet, when made into an embank- 
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ment it gradually subsides, settles, or 
shrinks into a less bulk than it occupied 
before being dug.” 

Molesworth, in his “Pocket Book,” 
states that clay, before subsidence, in- 
creases in volume 20 per cent. from cut 
to fill, but that after subsidence it shrinks 
in bank 8 per cent. less than the volume 
in cut. The embankment therefore 
shrinks from a volume of 120 to a volume 
of 92. This amounts to a total shrinkage 
of embankment of 23 per cent. 

Mr. Specht’s experiments support these 
statements as to the first or temporary 
increase from cut to fill. He found that 
“53,350 cubic yards in cut gave 58,350 
in fill,” in “sandy loam with small 
amounts of adobe and hard pan,” which 
is an increase of 9.4 per cent. Mr. 
Specht remarks, with reference to this 
increase: “This question must not be 
confounded with that of final settlement, 
which sometimes even continues for a 
long time after the embankment is fin- 
ished.” 

The temporary increase of volume in 
embankment, mentioned below, has refer- 
ence to banks built up with some ra- 
pidity, to full height and without layers. 

In the table, page 464, it will be seen 
that, for materials similar to Mr. Specht’s 
embankment, American and English en- 
gineers give a permanent shrinkage from 
cut to fill of from 8 to 12.5 per cent., 
being an average of about 10 per cent. 

This final shrinkage, as well as the first 
increase, being allowed, it is evident that 
the total shrinkage of an embankment 
from its first completion to its perma- 
nent settlement, must equal the jirst in- 
crease in bank beyond the volume in cut, 
plus the final shrinkage from cut to fill, 
that is, in the case just given, 9.4+10= 
19.4 in a volume of 110, which is equiva- 
lent to 17.6 per cent. 

In order to have a permanent depth of | 
40 feet after settlement, an embankment 
in the material just described would re- 
—_ to be built 48.5 feet in depth at 

rst. 

If the banks mentioned by Mr. Holley 





were intended to be, say as an instance, 
46 feet high after final settlement, and 
that the material of which they were con- | 
structed increased at first 5 per cent. | 
more than cut, and had a final shrinkage | 
of 10 per cent. less than the cut, then the | 
total shrinkage of 14 per cent. would re- | 


quire the depth at first to be 53.5 feet. 
If, however, 10 per cent. be allowed only 
for shrinkage, the bank will at first be 
51.1 feet deep, and as the actual settle- 
ment of this at 14 per cent. will be 7.2 
feet, the bank at final settlement will be 
only 43.9 feet deep instead of 46 feet, 
which is 2.1 feet lower than intended. 
This is as much as the greatest settle- 
ment of bank already mentioned by Mr. 
Holley, and is due entirely to the fact 
that no increase in depth of bank was 
allowed in proportion to the first increase 
in volume from cut to fill. 

Is it not probable that a great deal of 
the settlement noticed in earthen banks 
is to be accounted for as just explained ? 

For balancing cuts and fills, only the 
permanent difference of volume in cut 
and settled bank is to be taken into ac- 
count, but for settlement of bank an ad- 
ditional allowance has to be made for the 
temporary increase in volume from cut to 
fill. 

Cases occur where it would not be ad- 
visable to allow for the full shrinkage of 
a bank during construction, and it is here 
that the element of time is of importance. 
Hewson, in his work on “ Levees,” says: 

“Sand, however loosely it may be 
shoveled together, fills its space closely, 
and, therefore, whether wet or dry, set- 
tles at a very small diminution of the 
original bulk. In ¢ime, too, the process 
of this settlement is short.” 

“Spon’s Dictionary of Engineering” 
states : 

“The ultimate settlement of embank- 
ments of gravel or chalk does not require 
more than two or three years, but clay 
embankments may, in some cases, con- 
tinue to shrink for ten years.” 

To give an instance where it would not 
be advisable to allow for the full shrink- 
age. Let an embankment, on a maxi- 
mum or ruling grade of 1 in 100, be built 


| across a hollow, and let its depth gradu- 


ally increase until at a distance of 200 
feet from beginning of fill, its depth is 
40 feet. From experience with similar 
material, it is known that the embank- 
ment will shrink about 10 per cent. with- 
in two years, of which 5 per cent. takes 
place within six months, and another 5 
per cent. within a further period of 18 
months. The road is to be in full opera- 
tion within about six months from con- 
struction of the embankment. Now, if 
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an allowance is made in height of bank 
for ultimate shrinkage of 10 per cent., 
then its height at greatest depth will be 
44.4 feet; but as, within six months, it 
will shrink only 5 per cent., then its 
height at that time will be 42.2 feet—that 
is, 2.2 feet higher than grade. This 2.2 
feet additional height is gained in 200 
feet, and it increases the grade of road 
from 1 in 100 to a steeper grade than 1 
in 50, but as the ruling grade is to be 1 
in 100, the allowance for ultimate settle- 
ment during the construction of the bank 
is not admissible. If, however, shrink- 
age for only 5 per cent. be allowed at 
first, and the bank built up to 42.1 feet 
in height, it will at the end of six months 
have settled down to 40 feet and be even 
with the ruling grade. After this, as the 
bank gradually settles, it can in the reg- 
ular course of track repairs, be brought 
to grade by the trackmen with additional 
ballast. 


As to the effect of time in the consoli- | 


dation of banks, the writer is of opinion 
that an embankment, built of loam with 
a slight admixture of sand, does not after 
several years so shrink and consolidate 
as to equal for hydraulic work to a com- 


paratively new bank built in layers of| 


less than one foot thick and rammed. 
The effect of time does not consolidate 
the bank so much as punning during | 
construction. This opinion is based upon | 


considerable experience in cutting through | 


banks of the material mentioned. 


Very old banks are not here referred | 
to, as the writer has had no experience | 


with them. 

In the original construction of that 
part of the Grand Trunk Road from La- 
hore to Wuzeerabad, in the Panjab, pro- 


vision was made for drainage—by bridges | 


and culverts—only at the well - defined 
drainage channels. 
of the ‘embankments, the drainage works | 
were found insufficient to carry off the | 
flood waters, as before the construction 
of the embankment, more water was 
passed away over the surface of the coun- 
try than by the well-defined drainage 
channels. 
the embankment dammed back this water, 
which rose behind it, flooded the country 
on the up-stream side of the b 
breached the road, carried away bridges 
and impeded the traffic. 

In the construction of bridges and 





After the completion | 


In times of very heavy rainfall | 


metaled gaps to carry off the flood waters, 
the writer had to cut through the em- 
bankments in more than twenty - four 
places, making an aggregate length of 
more than 8,000 feet in a distance of 
fifty-eight miles. 

In places where the bank was built 
without punning, it was found that after 
taking off about two feet in depth of the 
top, the body of the bank appeared like 
material newly deposited, and it was 
easily excavated. On the other hand, the 
banks which were built in layers and 
punned, were found to be well consoli- 
dated and much more difficult to exca- 
vate. The difference in the banks, though 
built of the same material, was very 
marked, the punned banks, even when 
comparatively new, being much more dif- 
ficult to excavate than the others. 

After each rainy season the tops and 
slopes of the unpunned banks were fhuch 
more cut up and fissured, and required 
more repairs than those that were punned. 

The banks were forty feet wide on top, 
with side slopes of two to one and from 
four to twelve feet high. 

In some cases, during floods, the un- 
| punned banks were breached by leakage, 
before the water reached their tops, but 
|not ina single instance was the punned 
|bank reached by the leakage. Where, 
however,the punned banks were breached, 
| the water first rose above their tops, and 
in flowing over them and falling to the 
| down stream level, cut through them. 

After a bank was constructed, the he: avy 
and continuous traffic passing over it so 
|consolidated its top that it “acted as a 
roof, and passed off the rain-water to the 
|side slopes. The rain- water was thus 
|prevented from entering the body of 
the bank and contributing to its shrink- 
age. 

From the experience gained in this 
work, it is the opinion of the writer that 
time does not so compact and solidify an 
‘old, unrammed bank as to make it equal 
for the purpose of impounding water to 
'a rammed bank, even when the latter has 
| been built more recently; and it is also 
his opinion that the top of a bank for 
|impounding water should not be used as 
|a roadway until after the lapse of suffi- 
| cient time to allow it to take its ultimate 
| shrinkage. 

A few words here in explanation of 
metaled gaps. They are simple, inex- 
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pensive road-works, to pass off surface | I will now show that under certain 
flood waters, and to save bridging. 'forms of longitudinal section, and one 
It was found that the bridging on the | very likely to occur in broken ground, the 
Grand Trunk Road required to pass off| use of certain formule in the computa- 
the flood water, amounted to more than | tion is sure to cause a serious error in 
8,000 feet in length. The great expense the result. Gillespie says, in his “ Roads 
and the length of time required to com-|and Railroads”: 
plete this work prohibited bridging. To! ‘Average end areas is the most usual 
provide ample outlets for surface drain-| method in this country” for computing 
age, portions of the embankment varying | earthworks. 
in length, according to the requirements; Morris, in his “Earthworks,” says, in 
of the flood waters, from 100 to 1,700) reference to same formula: 
feet at ground level, were excavated, and| “This rule has been by far the most 
from ground level at each end, slopes of | used of any in our country. With tables 
one in thirty were made to top of bank. | of cubic yards it is very expeditious, and 
The slopes and the portion on level of | has found numerous advocates amongst 
country were metaled to a width of eight- | engineers on account of its simplicity and 
een feet, and on each side of the metal, | convenience.’ 
a brick wall, two feet deep and one foot' Searle states that this formula is ap- 








LONGITUDINAL SECTION. 


wide, was built, the top of the walls being ; proved by statute to be used in the pub- 
on a level with the metaling. A row of| lic works of the State of New York. 
guide-posts 100 feet apart were fixed on| The diagram represents the longitudi- 
each side of the metaling to guide travel-| nal section of part of a line of railroad, 
ers and vehicles to keep on the roadway | the ground at all points transversely to 
during floods. During floods, which con-|the center line being level, so that all 
tinue for only a few days in the year, | cross-sections will be on level ground. 
these gaps passed off the surface flood; The cut is 18 feet wide at base, with 
water at a low depth—less than two feet | side slopes 1 to 1, and the fill 14 feet on 
—and at such a low velocity as to permit | top, with side slopes 14 to 1. 
traffic to be carried on in safety through; In order to make an experiment on 
the water, though at great trouble and shrinkage, the engineer takes out the 
inconvenience, cut and builds the bank to the sections 
During floods the gaps were fords, and required. The end of the: bank is as- 
at other times they made a good metaled |sumed to stand vertically at A. The 
road. quantity in cut completes the embank- 
After the flood subsided, the ordinary | ment for 197.06 feet in length, as shown 
drainage of the country was passed off/in diagram. After final measurement, 
by the well-defined and deep channels | the engineer computes his quantities by 
which had bridges or culverts built over | the formula of average end areas. He 
them. \finds the volume of cut=3,096 cubic 
This cheap expedient of gaps for pass-| yards, and the fill=2,784 cubic yards. 
ing off surface flood-water permitted the |The quantity in cut appears, therefore, 
opening of the road, during the rainy|to exceed the fill by 312 cubic yards, 
season, several years before it would | showing a shrinkage of 10 percent. In 
otherwise have been done had bridges | fact, however, there is no shrinkage. If 
been built at the time, instead of gaps, for | the computations are made by the pris- 
carrying off all the surface flood-water. | mvidal formula, the volume of the cut 
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will be found to be equal to that of the 


fill, 2,708 cubic yards, so that the appar- | 
used above: 


ent shrinkage of ten per cent. was en- 
tirely due to the use of an incorrect for- 
mula. 

If, again, the computation be made by 
the formula of average end heights, in 
which a section is taken with a height 
equal to the average of the two end 
heights, the volume of the cut will be 
=2,514 cubic yards and the fill 2,670 
cubic yards, showing an increase of 156 
cubic yards=6 per cent., which increase 
does not exist, as the cut and fill exactly 
balance, as before explained. 

The use of the latter formula of mid- 


The following table gives the volume 
of cut and fill by the three formule 


Cut Cubic Fill Cubic 
Yards. Yards. 


Prismoidal formula...... 2,708 2,708 
Average end area........ 3,096 2,784 
Average end heights.....| 2,514 2,670 


There is a tendency among workmen 
to leave the side slopes curved in cross- 
section. For instance, embankments are 
sometimes finished with the side slopes 


Fig. A 





sections gives a deficiency equal in 





| concave as shown in Fig. 4, and cuttings’ 


amount to half the excess found by the/especially in hard ground, are left with 


use of average end areas. 

Another formula by mean proportion- 
als, which gives less than the correct re- 
sult, is sometimes used. The prismoidal 
formula is the only one of the four given 
which is sure to give correct results. 

The error will be even more than 
shown above, when the ground at cut 
slopes also across the center line of 
road. 

The error is greatest when one of the 
end areas=O, as seen in the column of 
cut given below. In similar cross-sec- 
tions, in ground where the end heights do 
not materially differ, the error is small, 
as will be seen in column of fill given be- 
low. Error in the results, however, can 
be avoided only, in so far as the computa- 
tions are concerned, by the use of the 
prismoidal formula. 


the side slopes convex, as shown in 
Fig. 5. 

It is therefore advisable, in cross-sec- 
tioning the work for final measurement, 
to take levels and measurements at fre- 
quent intervals, and before doing this 
work the adjustment of the level and the 
length of measuring instruments, chains, 
tape, etc., should be looked to. 

In descriptions of shrinkage experi- 
ments on earthwork, the following infor- 
mation would be useful, and, in addition, 
such other information as might be 
deemed of use in arriving at a correct re- 
sult : 

1. The description of material and lo- 
cality. 

2. Method of construction, such as 
by scrapers, wheelbarrows, tipping from 


| wagons, etc. 







































Well ceuieee ee taipeeutanadeaktemen tt ee 








+ teaereepres 





472 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 








3. Longitudinal section, and also cross- 
sections of cutting and embankment. 

4. Average depth of layers, and if 
rammed. 

5. Foundation of bank, that is, descrip- 
tion of ground on which the embankment 
is constructed. 

6. Dates of commencement and com- 
pletion of bank and of measurement. 





7. Rainfall, if any, and a general de- 
scription of weather during period of 
work. 

8. The formula used in computing the 
quantities. 

9. If base of bank has been flooded, 
the depth of flooding, period during 
which flood lasted, and state of bank at 
the time, should be given. 





ELECTRICITY IN WARFARE. 


Lecture delivered before the Franklin Institute, November 13, 1885, by Lieut. B. A. FISKE, U. 8. Navy. 


Tue first practical plan for using elec- 
tricity in warfare was devised and exe- 
cuted by Col. Samuel Colt, the inventor 
of the revolver, who, in 1841, wrote to 
President Tyler, stating that he had in- 
vented an apparatus by means of which 
he could destroy in a moment the most 
powerful man-of-war, even though miles 
away, and asking that the Government 
give him opportunity for demonstrating 
the truth of his statement. 

The truth of his statement he demon- 
strated a year later by exploding a “ tor- 
pedo ” under water, in New York harbor, 
by means of electricity. Following up 
this success, he totally destroyed, by sim- 
ilar means, an old gunboat named Boxer, 
and six weeks later, in sight of the Presi- 
dent, Gen. Scott, and others, he de- 
stroyed a schooner in the Potomac, dis- 
tant five miles. Congress at once appro- 
priated $17,000 to continue his experi- 
ments and perfect his apparatus ; and in 
two months from this time he blew up 
the big Volta in New York in the pres- 
ence of forty thousand spectators. All of 
these vessels were at anchor; but in the 
spring of 1843 Col. Colt demonstrated 
the further value of his invention by 
blowing up a vessel while under way in 
the Potomac, he being at Alexandria, five 
miles distant. 

These performances seemed, in that 
day little short of magic, and their prac- 
tical value was evident to many, yet they 
stopped short at this point and were 
never resumed. Col. Colt endeavored to 
get further assistance from the Govern- 
ment, but without success. From a va- 
riety of reasons, the authorities regarded 
his plans with disfavor, and Colt, dis- 


heartened and distressed, was compelled 
to abandon his invention just at the time 
when its success was assured but its de- 
tails unperfected. 

But the Russians caught his ideas, and 
in the Crimean War we find the harbor 
of Sebastopol defended by torpedoes, 
many of which were operated by elec- 
tricity. A few years later, in our Civil 
War, the electrical torpedo was exten- 
sively used by the Confederates in the 
protection of their harbors. In the 
Franco-Prussian War, torpedoes were so 
successfully employed in the defence of 
harbors that hostile ships did not even 
attempt to enter them; and in the Turco- 
Russian War, the mere suspicion that a 
harbor was defended by torpedoes was 
enough, in many instances, to keep a hos- 
tile fleet at a surprising distance—for the 
hostile fleet could not know just how 
far beyond a harbor the torpedo defence 
extended. 

Since the experiments of Col. Colt, 
the electrical torpedo has gradually im- 
proved, keeping pace with the progress 
of the sciences of electricity and engi- 
neering. Yet the original plan is the 
basis of the most elaborate and perfect 
instrument, and to the brain of Col. Colt 
we owe the surest defence we have for 
the cities and harbors of our extensive 
coast. 

At the present day an electrical torpe- 
do consists of a strong, watertight ves- 
sel of iron or steel, which contains a large 
amount of explosive, usually gun-cotton, 
and a device for detonating this ex- 
plosive by electricity ; and the most im- 
portant form is that form which is an- 
chored in a channel, and which is made 

















to explode when an enemy's ship passes 
near it. These torpedoes are usually 
called “ submarine mines.” 
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| with a white-hot wire, the powder or ful- 


In our war, most of these torpedoes | 


were not operated by electricity, but by 
mechanical means, which consisted, for 
the most part, of levers protruding out- 
side the case, and so connected with the 
explosive inside, that when a lever was 
struck by a passing vessel, a hammer in- 
side was caused to fall upon a cap, just 
as when the trigger of a musket is 
pulled, a hammer is caused to fall upon 
acap. These mechanical torpedoes were 
used with considerable success by the 
Confederates, and they caused tremen- 
dous damage to the Union ships; but 
they had a number of defects, on account 
of which they have been almost entirely 
supplanted by the more complete, though 
much less simple, electrical torpedo. 
One of the defects of mechanical tor- 
pedoes was the danger attending the op- 
eration of planting them, another was 
the danger attending the operation of 
raising them, another was the fact that 
it was impossible to tell whether they re- 
mained in order, save by the expensive 
and suicidal plan of seeing if they would 
explode; and still another defect was, 


that a mechanical mine did not know a| 


friendly ship from a_ hostile one, but 
would sink either with absolute impar- 
tiality. 

Now, it is clear that an electrical tor- 
pedo is free from all these defects, be- 
cause it cannot be exploded unless a cur- 
rent of electricity be sent through it 


from a battery on shore or on board ship, | 
so that the only thing to do when it is| 


desired to make it harmless is simply to 
disconnect the battery; and when it is 





minate will be ignited, and if this pow- 
der or fulminate be enclosed in a tight 
vessel, together with powder or gun-cot- 
ton, a tremendous explosion will ensue. 
Therefore, in order to explode a torpedo, 
the only thing necessary is to send a cur- 
rent of electricity through a very small 
wire, preferably of platinum, which is 
within the torpedo and in contact with 
the explosive. 

That part of a torpedo which includes 
this small wire and its connections is 
called the fuse. In practice, the fuse is 
a separate thing, and is screwed into the 
torpedo case, the wire from the battery 
coming in through the fuse through a 
water-tight gland, so that, after the fuse 
has been screwed in, the torpedo, as a 
whole, is water-tight, and may be left 
under water for months without injury. 
If the explosive charge is wet gun-cot- 
ton, as is now usually the case, the fuse 
contains fulminate of mercury, and is 
surrounded by a small charge of dry gun- 
cotton. The heat of the fuse-wire ex- 
plodes the fulminate, the explosion of 
the fulminate causes the instant explo- 
sion of the dry gun-cotton, and this, in 
turn, causes the instant explosion of the 
whole charge of wet gun-cotton in the 
torpedo. 

But it is evidently not sufficient to 


'be able to explode a torpedo; we must 


also know when to explode it, that is, 
we must know when the hostile ship 
is in such a position that she will be 
destroyed if the torpedo is exploded. 
Clearly, we can know this if we have a 
chart showing the exact position of each 
torpedo, and have also an arrangement 


| by which we can know at any instant the 


desired to put the mine into operation | 
again, the only thing to do is simply to} 


reconnect the battery; moreover, the 


condition of the mine can at any time | 
be determined by sending a very minute | 
current through it, even though the tor-| 
pedo be miles away, and buried in water | 


many fathoms deep. 


In order to understand how electricity | 
can explode a torpedo, it is sufficient to | 


know that when a current of electricity 
goes through a wire it heats it to some 
extent, and if the wire be small enough, 
the heat produced is sufficient to make 
the wire white hot. Clearly, if powder 


or fulminate of mercury be in contact | torpedo. 
Vor. XXXIII.—No 6.—33 


bearing of a ship coming up the channel 
from two stations properly situated. If 
the ship comes into such a position that 
she is in the line of one of the torpedoes 
as seen from each station, she is clearly 
on the intersection of those lines, and is 
therefore directly over that torpedo, and 


|the only thing necessary is to touch the 


electric key controlling that torpedo, thus 
sending an electric current through its 
fuse and causing its instant explosion. 
Another way is to have the telescopes at 
the two observing stations so fitted that 
when both point at any torpedo the cur- 


‘rent is automatically sent through that 


Therefore, if the observer at 
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each station keeps his telescope bearing 
on an advancing ship, electricity will do 
the rest, and the ship will sink when she 
comes within the radius of destructive 
effect of any one of the torpedoes. 

But what can be done at night, or in 
a dense fog? Evidently these systems will 
not answer then, because a ship cannot 
then be seen; and for this reason torpe- 
does now are frequently made absolutely 
automatic, so that whether the time be 
day or night, clear or foggy, the mere 
fact of a ship’s striking a torpedo is suf- 
ficient to insure her instant destruction. 
This result is secured by the use of what 
is known to eiectricians as an automatic 
circuit closer, that is, a device which, 
when subjected to certain conditions, au- 


tomatically bridges over the distance be- | 


tween two points which were separated, 
thus allowing the current to pass between 
them. In submarine torpedoes it is usu- 
al to employ a small weight, which, when 
the torpedo is struck, is thrown by the 
force of the blow across two contact 
points, one of which points is in connec- 
tion with the fuse, the other in connec- 
tion with the battery, so that the current 
immediately runs over the bridge thus 
opened and through the fuse. In prac- 
tice, these two contact points are con- 
nected by a wire, even when the torpedo 
is not in the state of being struck; but 
this wire is of such great resistance 
that the current is too weak to heat 
the wire in the fuse. Yet, when the 
weight above mentioned is thrown across 


the two contact points, the current runs | 


across this bridge instead of through 
the resistance wire, and is then strong 
enough to heat the wire in the fuse and 
explode the torpedo. Now, the advan- 
tage of having a wire of high resistance 
between the contact points, instead of 
having no wire between them, is that the 
current which then passes through the 
fuse, though too weak to fire it, shows 
by iss very existence to the men on shore 
that the circuit through the torpedo is 
all right. 

But instead of having the increased cur- 
rent, caused by striking the torpedo, to fire 
the torpedo directly, a better way is to 
have it simply make a signal on shore, and 
at the same time throw in a firing battery. 
Then, when friendly vessels are to pass, 
the firing battery can be disconnected, 
and when the friendly ship bumps the 











torpedo the working of the signal shows 
not only that the circuit through the 
fuse is all right, but also that the circuit- 
closer is all right, so that, had the friend- 
ly ship been a hostile ship, she would 
certainly have been destroyed. 

The action of a torpedo placed in a 
harbor and connected by a submarine 
cable to an electric battery on shore, is 
thus shown to be quite a simple thing. 
But it should not be gathered from this 
that the protection of a harbor isa simple 
thing, or one that could be accomplished 
in a few days on the outbreak of war. It 
should be remembered that each torpedo 
contains from 100 to 1,000 pounds of gun- 
cotton, that hundreds of torpedoes will 
have to be used, that the amount of gun- 
cotton required will be enormous, and 
|that it will be wanted in a hurry, but 
that the operation of making gun-cotton 
cannot be hurried; it must be remem- 
| bered that to make the torpedo cases re- 
| quired will consume much time, that the 
| making of the fuses is a matter requiring 
ithe greatest possible care and calculation, 
that the operation of properly laying 
|down these heavy, and yet delicate, tor- 
|pedoes in deep water, even in the best 
possible weather, is an operation requir- 
|ing great nautical and engineering skill 
jand practice. Yet, even after the best 
|system of submarine mines has been laid 
|down, it will be of no use, unless an 
enemy’s boats can be kept from counter- 
|mining, and unless the operating rooms 
|be furnished with the best instruments 
and thoroughly protected against cap- 
|ture, by fortifications, guns and ships. 
|It is no uncommon thing to hear men of 
|intelligence airily say, “Oh, in time of 
| war we can defend our harbors by torpe- 
|does.” I do not think I am exaggerat- 
|ing when I say it would take a year to 
| put the torpedo defences of our harbors 
|into proper shape, even if Congress were 

to appropriate the money to-morrow. 

| And, after that, a corps of men would 
| have to be formed and thoroughly trained 
|in laying down and taking up torpedoes 
‘and cables, making splices in submarine 
|cables, testing circuits, managing elec- 
tric batteries, etc., ete. 

In order to detect the presence of 
torpedoes in an enemy’s harbor, an in- 
|strument has been invented by Captain 
McEvoy, called the “torpedo detect- 
or,” in which the action is somewhat 
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similar to that of the induction bal- 
ance, the iron of a torpedo case hav- 
ing the effect of increasing the number 
of lines of force embraced by one of 
two opposing coils, so that the current 
induced in it overpowers that induced in 
the other, and a distinct sound is heard 
in a telephone receiver in circuit with 
them. As yet, this instrument has met 
with little practical success, but, its prin- 
ciple being correct, we can say with con- 
siderable confidence that the reason of 
its non-success probably is that the coils 
and current used are both too small. 
Besides these stationary torpedoes or 
mines anchored in harbors, there is an- 
other class, called spar torpedoes, which 
are carried on spars protruding from 
ships or boats, and which consist, for the 
most part, of cases of steel holding about 
30 pounds of gun-cotton, and fitted with 
electric fuses similar to those for explod- 
ing submarine mines. The torpedo on 
the end of the spar is connected by in- 
sulated wires with an electric battery in 
the boat or ship, and it is designed to be 
shoved under a hostile ship by a deter- 
mined effort and exploded there. The 
current is sent through the fuse by press- 
ing an electric key at the proper moment, 
or a simpleautomatic circuit-closer may be 


put inside the torpedo, so that when the} 


torpedo strikes the ship a break in the 
circuit is automatically bridged over in 
the torpedo, thus allowing the current to 
heat the platinum wire in the fuse and 
explode the torpedo. 

Still another class of torpedoes are 
movable torpedoes. These contain not 
only explosive and means for exploding 
it, but also machinery for moving the 
whole through the water, and for steer 
ing it. A movable torpedo is, therefore, 
really a torpedo boat and torpedo com- 
bined. In one class of movable torpe- 
does, such as the Liy torpedo, the motive 
power is usually carbonic acid gas or 
compressed air, the steering and firing 
being done by electricity. One wire usu- 
ally suffices, a simple step-by-step device 


accomplishing the operation of sending | 


the current through different circuits in 
the boat, the current through one circuit 
causing the throttle of the engine to 
open, the current through another caus- 
ing it to close, another putting the helm 
to starboard, another putting the helm 
to port, another firing the torpedo, &e. 


Therefore the operator on shore or on 
board ship can, by moving his switch in 
the proper manner, cause the torpedo 
boat to go ahead, stop, turn to the right 
or left in such a way as to go directly to- 
ward the object of attack and then ex- 
plode in contact with her bottom. 

In another class of movable torpedoes 
the electric current not only steers the 
boat, but also propels it, there being an 
electric motor—or engine—inside, which, 
when supplied with the requisite cur- 
rent from an electric machine on shore or 
on shipboard, revolves rapidly, thereby 








causing the propeller of the boat to re- 
volve, in the same way that a steam en- 
| gine causes the propeller of a steamboat 
| to revolve. The current for steering may 
leither be sent along a separate wire, 
| which may be inside the other one, or a 
| device may be used by which one wire 
| will suffice for everything. 

Movable torpedoes being usually cigar- 
shaped, so that their section is circular, 
or nearly so, the electro-motor for an 
electric movable torpedo which will most 
nearly fit the space intended for it—in 
|other words, the shape which permits 
the largest size for a given space—is 
clearly one in which the distance from 
the center of the armature to the outside 
of the magnets is constant, so that the 
field magnets form nearly a circle embrac- 
ing the armature. The exterior form of 
the motor called the Griscom motor evi- 
dently seems to fulfill this condition 
| well. The most successful movable elec- 
tric torpedo thus far tried is the Sims 
torpedo, with which experiments have 
been conducted under Gen. Abbot's su- 
perintendence for some time, and with 
| very good results. Now, as all men-of- 
| war and all forts are to be supplied with 
/means for generating electricity on a 
\large scale, it is clear that an electric 
movable torpedo can be easily adapted to 
naval and military requirements, the 
mechanism of the torpedo being exceed- 
ingly simple, and the only thing to be 
done to put it into operation being to 
connect it to a suitable electric machine, 
and introduce a keyboard, by which the 
direction and strength of the current can 
be controlled. The torpedo will then be 
| ready to move at any instant, and will 
have a supply of power practically in- 
exhaustible. 

Recent experiments in England have 
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shown that the Whitehead torpedo—over 
which control ceases after it is fired—is 
not so formidable a weapon when fired 
ata ship under way as many supposed, 
for the simple reason that it can be 
dodged. Now, an electrical torpedo, 
over which control is exercised while it 
is in motion through the water, cannot 
be dodged, provided it be given sufficient 
speed. For effective work against ships 
capable of steaming fifteen knots per 
hour, the torpedo should have a speed of 
twenty knots. Now, there is no theoreti- 
cal difficulty in the way of doing this, 
for a speed of 11 knots has already been 
recorded, though an electric torpedo, to 
get this speed, would have to be larger 
than a Whitehead haying the same speed ; 
and it may be conceived that a torpedo 
carrying, say, 50 lbs. of gun-cotton, capa- 
ble of going 20 knots per hour—so that 
it would pass over a distance of 500 
yards in about 45 seconds, and yet be ab- 
solutely under control all the time, so 
that it can be constantly kept pointed at 
its target—would be a very unpleasant 
thing for an enemy to meet. 

Our civil war introduced another use 
of electricity into warfare, and gave birth 
to the art of military telegraphy. At first, 
the telegraph was used only in com- 
municating along the regular telegraph 
routes, but eventually a corps of military 
telegraphers was formed, and instant} 
communication became possible between | 
detachments in the field. The advantages 
of the telegraph in conveying information 
and orders with dispatch was found to 
be so great that foreign nations took the 
hint, and to-day a telegraph train is essen- 
tial to all armies. No well-equipped 
force in the world is without means for 
rapidly connecting by the telegraph dif- 
ferent headquarters wit’ each other, and 
with the different parts of an army; and_| 
in the Franco-Prussian war it was the| 
telegraph, combined with the railroad, 
which made possible that wonderful 
speed and certainty of mobilization and 
manceuvre that caused the swift destruc- 

° - | 
tion of the armies of France. 

In military telegraph trains, miles of | 
wire are carried on reels in specially con- 
structed wagons, which carry also batter- 
ies and instruments, some of the wire be- 
ing insulated, so that it can rest on the 
ground, and thus be laid out with great 
speed ; while other wire is bare, and is| 











intended to be put on poles, trees, etc., 
For mountain service, the wires and imple- 
ments are carried by pack animals. Regu- 
larly trained men are employed, and they 
are drilled in quickly running lines, set- 
ting up temporary stations, etc. In the 
recent English operations in Egypt the 
advance guard always kept in telegraphic 
communication with headquarters, and 
with England; and after the battle of 
Tel-el-Kebir, news of the victory was 
telegraphed to the Queen and her answer 
received in forty-five minutes. 

The telephone, also, has been used in 
military operations, and with great suc- 
cess ; having an evident superiority over 
the telegraph for some purposes. One 
use of the telephone, in fact, is to assist 
the telegraph in cases where by reason 
of the haste with which a line has been 
run, the current leaks off, so that the re- 
ceiving instrument will not work. The 
only thing necessary is to use a telephone 
to receive the message, and to use as 
a transmitter a simple buzzer, or auto- 
matic circuit breaker, controlled by an 
ordinary key. In many cases, where the 
ordinary receiving telegraph instrument 
refuses to work, the more delicate tele- 
phone thus used will work very satisfac- 
torily. 

In endeavoring to use the telegraph 
and telephone for strictly naval purposes 
between ships, a number of obstacles 
have been met which have not yet been 
overcome, though many ingenious devices 
have been attempted. It might seem at 
first sight as if, in the case of ships at 
anchor, telegraphic and telephonic com- 
munication among the ships and between 
the ships and shore would be an easy 
thing to establish. It is easy, and it has 
been established in the case of ships 
moored so that they cannot swing ; but 
when a ship swings by a long chain, most 
of which is embedded in the mud, it be- 
comes very difficult to devise an auto- 
matic means to keep the wire from being 
fouled and broken. 

In England, in the case of lightships, 
the difficulty has been surmounted, or 
rather avoided, by making the cable by 
which she rides hollow, and running an 
insulated wire along the long tube thus 
formed inside. ‘This plan has been found 
thus far to work very well, even in the 
worst sort of weather. 

But the problem is much simplified 
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when temporary communication only is| each wire causes the breaking of the elec- 
desired between ships ag anchor, between | tric current going through it, and this 
a ship and the shore, or between a ship | causes the appearance of marks on a sur- 
and a boat which has been sent off on|face moving along at a known speed. 
some special service, such as reconnoiter- | Now, knowing the rate at which this sur- 
ing, sounding, ete. In this case, portable | face moves, and observing the distance 
telephones are used, in which the wire is| on the surface between the marks caused 
so placed on a reel in circuit with the| by the breaking of the first wire and the 
telephone, that communication is pre-| marks caused by the breaking of the sec- 
served, even while the wire is running off | ond wire, we can compute the interval of 
the reel. | time which elapsed between breaking of 
The telephone has been used to some | the two wires; and now, knowing this 
extent on shipboard for communicat-|interval of time, and knowing also the 
ing between different parts of the same} distance between the two wires, we can 
ship, giving orders to the magazines, | calculate at once the velocity of the pro- 
battery, ete. The vibration of a ship is|jectile in going from one wire to the 
seldom so excessive as to impair the work- | other. 
ing of the microphone transmitter; and,| Within the past few years, electricity 
in cases where it is excessive, the original | has come to be employed to a great and 
magneto-transmitter has been found to! increasing extent in firing great guns, 
work perfectly, getting rid entirely of | both on ships and in forts. 
trouble due to vibration, and at the cost| In the case of ships the advantage of 
of only a little of the loudness of tone as | electrical firing lies in the fact that a gun 
heard in the receiver. can be fired more quickly by electricity 
The telegraph and telephone are both|than by other means. The ordinary 
coming largely into use in artillery ex-| means of firing are, as is well known, 
periments and drills, as in tracking a| percussion and friction, and in each of 
vessel as she comes up a channel, so that these systems the moving parts have to 
her exact position at each instant is|be of such strength that considerable 
known, in determining the spot of fall| force must be exerted by the arm, in 
of a projectile, ete. In these cases, two order to operate them. Moreover, for 
observers, at the ends of a base line elec- | prudential reasons, the line leading to 
trically connected, know at each instant them from the hand must be kept very 
the bearing of the vessel or the projectile | slack, lest a lurch of the ship should 
from both ends of the base line, and the | cause such a movement of the man’s body 
intersection of these lines of bearing is, | as to bring a strain on the line sufficient 
of course, the position of the vessel or, to cause the accidental firing of the gun. 
the projectile at that instant. In the | Therefore, when the gun captain finds 
case of a vessel, this gives the range for | the sights on the gun bear on the target 
the guns, and in the case of a projectile, it} he must then move his arm through a 
shows by how much the projectile missed | considerable distance, and exert consider- 
the target. In getting the time of flight, | able force, before the gun will be fired. 
also, of projectiles, electricity is of value,|It may seem as if the time were insig- 
since it enables the observers to get the | nificant, but when it is considered how 
exact time of start, a thing impossible to| rapidly a ship rolls, and how swiftly a 
get with stop watches; but by making|modern ship moves, and when it is re- 
the projectile break a wire in circuit with | membered how small an error in elevation 
a chronograph, the precise instant of| suffices to make a projectile fall short of, 
start, to a thousandth of a second ator go over, a ship which subtends a very 
least, is automatically registered. | small angle in a vertical plane, it will be 
An application of electricity, somewhat | seen that a fire which comes instantane- 
analogous to this, has been in use for} ously with the coincidence of sights and 
years in what are broadly called veloci- | target, is better than one which does not. 
meters, that is, instruments for ascertain- | Now, in firing by electricity, the gun cap- 
ing the velocity of projectiles. There/ tain holds a sort of push-button in ‘his 
are scores of patterns, but in all wires| hand, which he simply presses, when the 
are cut by the projectile at different| sights bear on the target ; and practical 
points of its flight, and the breaking of|experiments abroad have shown that 
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greater accuracy is attainable by this 


machine guns of both ships will be work- 


method than is attainable by the old|ing vigorously, 4nd each ship will have 


methods. 


an excellent target, but a target improv- 


But not only are modern vessels of|ing so rapidly that a commander would 
war fitted with means for electrically/not wish to throw away all the shot of 


firing individual guns, they are also fitted 


- with means for firing any desired number 


together, the whole broadside even ; for 
the effect upon an enemy of a blow from 
a whole broadside at once, is very much 
greater than the effect of the same num- 
ber of guns fired at different times. 
The simplest way of doing this is to lead 
the electrical wires from all the guns to 
an armored fighting tower, where a cool 
officer, under the personal direction of 
the commander, with an electrical key- 
board and a good system of sights, can 
deliver the whole fire of the broadside at 
once upon an enemy. This officer being 
clear of the smoke and away from the 
excitement and bustle of the battery, and 
with a view of the whole horizon, can 
clearly handle the battery with its maxi- 
mum effectiveness; and, moreover, as 
soon as the guns have been laid at the 
range and in the direction at which it is 
intended to fire them, the men can lie 
down and be protected in a measure from 
the murderous fire of machine guns. 
Suppose that two modern ships are about 
to engage in a naval duel on the high 
seas, and that they are advancing towards 
each other at a speed of 14 knots an hour 
each, so that they are coming together at 
a rate of about 46 feet per second. The 
ships will, of course, begin to play on 
each other with their machine guns as 
soon as they get within range, so that as 
soon as the great guns are ready, the 
men had best be made to lie down on the 
deck, in rear of their guns. Now, the 
battery of each ship will probably be com- 
posed of guns firing projectiles of from 
100 to 1,000 lbs., and each commander, 
knowing how much damage can be done 
by one well-delivered shot, knowing how 
long it takes to reload a modern gun, and 
appreciating the great speed at which the 
ships are approaching, will probably re- 
serve his fire until sure that he has a 
good chance of making every shot tell. 
He will hardly fire at 2,000 yards range, 
knowing that his chance of hitting the 
rapidly moving target is small, and know- 
ing that it will be only about one minute 
before the enemy will be at 1,000 yards 
range. Now, at 1,000 yards range, the 





his great guns until a closer range is 
reached. One gun, for instance, might 
be fired now, having been previously laid 
for this range, of course; but probably 
it would be best to reserve nearly the 
whole broadside to be delivered simul- 
taneously as the ships rush by each other, 
at pretty close range. With the heavy 
guns and carriages of the present day, it 
would be impracticable to keep a gun 
pointing at a ship under these circum- 
stances, since both range and bearing are 
changing so rapidly. Therefore, the guns 
must be pointed in certain directions and 
laid for certain ranges, and fired when 
the enemy reaches the spots thus de- 
fined. 

In the case of a fort, the value of firing 
by electricity is evident, since it can 
be employed in connection with the in- 
struments used for determining at each 
instant the position of an approaching 
vessel or army. Different guns being 
laid at different ranges and in different 
directions, an officer in the operating 
rooms can keep track of the exact position 
of the enemy, and when the enemy reaches 
one of the predetermined points, all he 
has to do is to touch an electric key and 
fire the gun or guns controlled by that 
key, knowing that those guns are not 
only pointed in the proper direction, but 
also are elevated for the correct range. 
It would seem difficult to improve upon 
the accuracy obtainable by this method. 

Whitehead torpedoes are now so ar- 
ranged that they can be ejected by press- 
ing an electric button; and the firing 
keyboard in the fighting tower of a ship 
indicates at any instant what guns and 
torpedoes are ready for firing. The fight- 
ing tower should also be fitted with en- 
gine and steering telegraphs, and indi- 
cators for showing whether the com- 
mander’s orders to the engine and steer- 
ing apparatus have been understood and 
executed, so that the commander can tell 
at a glance the exact state of affairs at 
battery, engine, and steering apparatus, 
and can have all the separate departments 
of his ship under absolute personal con- 
trol. 

Within the past three years, the supe- 
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riority of the incandescent electric light 
over all other lights for ship use has be- 
come more and more evident, and nearly 
all first-class merchant steamships 
launched, and all men-of-war, are fitted 
with electric lights. In men-of-war, this 
light has even more advantages than in 
merchant ships, by reason of its safety in 


so that accident to the mains in one 
part of the ship will affect that part 
only. 

But it is the are light, used as what is 
called a search light, that is most valuable 
in warfare; asearch light being simply a 
very powerful are light, so arranged with 
a catadioptric mirror, that it throws out 





illuminating magazines, shell rooms, tor-|a very concentrated beam of light, and 
pedo storerooms, ete., and the ease and/|so mounted that this light can be cast in 
speed with which it can be used in signal-| any desired direction, and made to illu- 
ing at night. minate any locality which it is desircd to 

For some time the electric light was|inspect. I believe the first use made of 
declared unsuitable for naval use, the} search lights was in the siege of Paris in 
reason being urged that if the wire carry- | the Franco-Prussian war, when the French 
ing the current should be shot away in| employed them to discover the operations 
action, the whole ship would be plunged | of the besieging army at night. Their 
into darkness, and that the same thing| value, from a military point of view, was 
would happen if any accident should befal|so evident that other nations took the 
the dynamo generating the current. The | hint and introduced them into their mili- 
answer to this very sensible criticism | tary and naval services. Since then, their 
is that—I1st: different circuits must be|use has been extending, more probably 
arranged for different parts of the ship, | for ship use than for use on shore, though 
so that an accident in any part of the ship! they are also employed considerably in 
will affect that part only; 2d: that the| forts guarding the approach to harbors, 
wires carrying the current must be ar-|to watch for the approach of hostile 





ranged in duplicate, so that even in case 
one wire is shot away, the lights will burn 
as briglitly as ever, since the other wire 
remains, and is of sufficient size to carry 
all the current; 3d: it is very easy to 
repair a break in a copper wire, even if it 
be shot away, the only thing necessary 
being to bridge over the break by a wire 
a few inches long, whose ends can be 
clamped, spliced, or even twisted on to 
the broken conductor on each side of the 
break. As to the danger to be feared 
from accident to the dynamo and engine, 
this can be guarded against in two ways— 
Ist: by placing the dynamos and engines 
in a place as well protected as that occu- 
pied by the main boilers and engines of 
the ship, preferably near the engines, be- 
low the water line, and under a protective 
deck, and this place should be provided 
in laying down the original plans of the 
ship; 2d: by not placing dependence 
on one dynamo and engine alone, but by 
dividing the total work among three or 
four, so that in case of accident to one, 
the ship will have the benefit of all the 
others. To this end, all the dynamos 
should, of course, be of the same electro- 
motive force, and feed into the same 
mains, from which all lamps draw their 


wis 
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\fleets, torpedo boats, or countermining 
| expeditions at night. 

| For the use of an army in the field, 
‘search lights are mounted on suitable 
| wagons, together with portable boilers 
‘and engines, so that they can be taken 
'on the march, moved to any part of the 
field, the top of a hill for instance, and 
employed at night whenever desired. It 
is clear that a search light might often 
be very useful in doing such work as 
searching for wounded after a battle, ex- 
jamining the nature of the ground ina 
|comparatively unknown country, watch- 
|ing the enemy when a surprise might be 
janticipated, guarding against a sortie 
‘from a beleaguered fort or city, etc., on 
{many occasions, in fact, when the dark- 
| . : , - 

ness of the night might be a hindrance to 
| the operations of an army or an element 
| of insecurity. 

| On board men-of-war, the principal 
‘use of the search light has been in watch- 
\ing for the attack of torpedo boats ; but 
the experiments in Bantry Bay last July 
| showed that it was often useful in detect- 
ing the approach of hostile ships, in aid- 
|ing the sighting of guns at night by 
| bringing the target out clearly, and in 
|embarrassing the operations of a torpedo 











supply, and which are fed by feeders boat or ship in trying to force a passage 
from the dynamos at different points, up a channel, by dazzling the eyes of the 
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enemy one instant and leaving them in 
total darkness the next. 

It was related that in Africa some three 
years ago an attack on a fort was frus- 
trated by a single search light. The 
barbarians advanced to the assault brave 
and determined, under cover of darkness, 
but were suddenly terrified by finding 
themselves enveloped in an awful and 
miraculous light which turned night into 
day. Halting for an instant, they covered 
their eyes to shield them from its daz- 
zling whiteness, then suddenly turned and 
fled in panic. 

But even had they not been barbarians, 
even had they been trained soldiers of a 
highly civilized people, how bewildered 
they would have been’to find themselves 
suddenly in such a brilliant light that 
their eyes were blinded so that they 
could not see to pick their way; and 
then, in a few seconds, just as the pupils 
of their eyes had contracted under the 
influence of the light, to find themselves 
suddenly in total darkness ! 

Such alternations of dazzling light and 
black darkness would render the march 
of an attacking force over a broken coun- 
try toward a fort a very difficult under- 
taking, for it should not be forgotten 
how dependent we are upon our eyes, for 
our most simple actions, and how much 
our eyes assist us, even in the dark. 

It may be pointed out here, that the 
search light, like all other military instru- 
ments, must be used with judgment. It 
should not be used, for instance, when it is 
important to keep your position secret 
from the enemy, unless the advantages of 
observing him outweigh the disadvantage 
of disclosing your own position, or un- 
less you can immediately extinguish your 
light, and change your position. In order 
to use the search light effectively on 
board ship, there should be four on each 
side of ship. 

Search lamps are of much higher power 
than any other lamps that have ever been 
made, and the effect of the white cylinder 
of light, as it touches up the different 
points of the land or sea over which it is 
made to rapidly pass, is striking and 
beautiful in the extreme. The people of 
Philadelphia may remember the naval 
search light with which I used to illumi- 
nate the city last autumn, and do not 

have to be assured of its power and 
beauty. The best idea that I got of its 





illuminating effect was got one night 
when I went to the tower of the Pennsyl- 
vania Railroad depot, and watched the 
light stationed at the Electrical Exhibi- 
tion building on Thirty-second street. 
The ray of light, when turned at right 
angles to my direction, looked like a sil- 
ver arrow going through the sky, and 
when it was turned on me, I could read 
the fine print of a railroad time-table at 
arms’ length. 

For signaling at night, incandescent 
lights and search lights have both been 
used, the search lights being employed 
to reach long distances, or to reach 
points hidden by hills or other interven- 
ing objects. In using the search light 
in this case, the beam is thrown into the 
sky, and signals are made by showing 
long and short flashes, or by interrupting 
the beam in accordance with any precon- 
certed code. Flashes from the search 
light which I had at the Electrical Exhi- 
bition last autumn were seen from a dis- 
tance of thirty miles. 

In using incandescent lamps for night 
signaling, the simplest way is to arrange 
a keyboard with keys marked with cer- 
tain numbers, indicating the numbers of 
lamps arranged in a prominent position, 
which will burn while that key is being 
pressed. If it be desired to signal the 
number 5348, for instance, meaning, let 
us suppose, “ Prepare to receive a tor- 
pedo attack,” it is only necessary to press 
in succession keys marked 5, 3, 4, and 8, 
and the light of 5, 3, 4, and 8 lamps will 
successively blaze out and expire. Other 
codes, of course, can be used ; the Morse 
code, for instance, in which a dash can be 
denoted by two lamps znd a dot by one. 
One lamp could, of course, be used, the 
dot being denoted by a short flash and a 
dash by a long flash ; but it is found best, 
practically, not to use time intervals in 
optical telegraphy. 

Electric lights have been used consider- 
ably of late in photographing the bores 
of great guns. Views can be thus ob- 
tained of any part of the bore, showing 
whether the gun has been accurately 
bored and rifled, and showing how the 
metal is standing the erosion of the pow- 
der gases. 

One of the needs arising in modern 
warfare is means for handling heavy ord- 
nance with speed and precision, and for 








bringing up ammunition. Guns, car- 
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riages, and ammunition have increased 
so much in weight, that it has become 
more difficult to handle them quickly 
than it used to be, and yet the speed of 
ships has so increased that there is more 
necessity for handling them quickly. 
The electric motor will certainly be used 
for handling ordnance on board ships not 
very heavily plated with armor, for it is 
clear that a small wire is a much more 
convenient way of conveying energy to a 
motor of any kind, and is much less liable 
to injury in action than a comparatively 
large pipe for conveying steam, com- 
pressed air, or water under pressure ; 
and, besides, the electric motor is the 
ideal engine for work on board ship, 
by reason of its smooth and silent mo- 
tion, its freedom from dirt and grease, 
the readiness with which it can be 
started, stopped and reversed, and its 
high efficiency. 

In forts, Col. Hamilton, U. 8. A., says 
that heavy guns must be worked by 
dynamo-electrie machinery, since some 
other power than manual power must be 
employed, and since electricity is better 


same way as other boats—that is, by a 
propeller revolved by an engine—except 
that the engine is an electrical, instead 


of a steam engine. The electrical en- 
gine draws its power from what are 
called storage batteries carried in the 
boat. These storage batteries are first 
charged by a dynamo ashore or on board 
ship, and then are capable of rendering 
up to the motor the electrical energy 
stored in them, so that the motor is made 
to revolve, and thus cause the revolution 
of the propeller and the advance of the 
boat through the water. These electri- 
cal launches have carried hundreds of 
people, and have made a speed of about 
eight knots per hour, and the electric en- 
gine has worked perfectly well; but 
‘there has been considerable trouble with 
joe storage batteries. Now, these stor- 
age batteries are improving every day, 
jand as their defects do not seem irre- 
|mediable, and asa great number of elec- 
|tricians are devoting study and experi- 
jment to them, we may hope that storage 
| batteries will soon be efficient and dur- 
lable. This done, the electrical launch 








than steam, compressed air, or water un- will certainly replace the steam launch in 
der pressure, because it can be conveyed | warfare, by reason of the quickness with 
from a central source by a single wire.| which an electrical launch can be got 
Now, in forts, it is clear that the dyna-| ready, as there are no fires to be lighted, 
mos for search lights and incandescent | and, above all, by reason of the noiseless- 
lights, and for generating power for the| ness of the electro-motor, and of the fact 











electric motors for handling the guns, 
could be placed in a well-protected spot, 
and the wires leading therefrom could pass 
to the guns through underground pipes, 
where they would be well protected from 
projectiles, and the guns could be point- 
ed in any desired direction with speed, 
silence and precision, by the simple turn- 
ing of a lever or the moving of a switch. 

It is probable that, in the near future, 
every man-of-war and every fort will be 
fitted with a complete “electrical system,” 
well protected from projectiles, which 
will include dynamos capable of supply- 
ing a very large amount of electrical en- 
ergy to a system of mains, from which 
all the incandescent lights, all the search 
lights, and all the motors of different 
sorts can draw the supply of energy req- 
uisite for their needs. 

Electrical launches have been tried 
abroad to some extent, and with results 
which—though not completely satisfac- 
tory—give promise of success in the fu- 
ture. These boats are propelled in the 


that in an electrical launch no flame ever 
flares up above a smoke pipe. With 
steam torpedo-boats this flame frequently 
betrays them—that is, if the noise of the 
exhaust has not already done so. In 
using electrical launches in warfare, two 
sets of storage batteries will, of course, 
be necessary, so that one set can be re- 
placed by another, and used while the 
first set is being recharged. 

A novel application of electricity has 
recently been made in what have been 
named “electric sights.” It is well 
known that it is difficult to get a sight 
at an object in the dark—first, because 
the object itself cannot be distinctly seen, 
and, second, because the front sight of the 
gun cannot be distincly seen. Now, Mr. 
Gaston Trouvé has recently invented an 
electric sight no larger than the ordinary 
front sight of a musket, which consists 
simply of a filament of fine wire in a 
glass tube, covered with metal on all 
sides save at the back. It looks much 








like an ordinary sight, except to a man 
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looking along the barrel towards the 
back of the lamp, but a man so look- 
ing sees a fine, incandescent wire. The 
battery is said to be no larger than 
a man’s finger, and to be attached to the 
barrel near the muzzle by simple rubber 
bands, so arranged that the act of at- 
taching the battery to the barrel auto- 
matically makes connection with the 
sight, and so arranged, also, that the 
liquid of the battery is out of action ex- 
cept when the musket is brought into a 
horizontal position for firing. 

To throw a good light upon the target, 
the same inventor has devised a small 
electric lamp and projector, which is 
placed on the barrel- near the muzzle by 
rubber bands, the battery being held at 
the belt of the marksman, with such 

- connections that the act of pressing the 
butt of the musket against the shoulder 
completes the electric circuit, and causes 
a bright cylinder of light to fall on the 
target, thus bringing it out into strong 
relief, and enabling the marksman to get 
as good a shot as in the daytime. 

An application of electricity coming 
somewhat into use abroad in Continental 
armies is in connection with ballooning, 
which has received there the benefit of 
considerable attention and experiment. 
It is well known to all here that balloons 
have been much used for observing the 
movements of the enemy from a distance, 
and now it is reported that not only have 
balloons been successfully fitted with 
telephones, for communicating at once 
to people on the ground the nature of 
the information gathered, but also with 
small search lights, by which the ground 
can be illumined for a considerable dis- 
tance at night, and the enemy's mancu- 
vres discovered. Incandescent lamps 
have also’ been sent up in small, trans- 
lucent, captive balloons, and under small, 
ordinary captive balloons, and signals 
have been transmitted to a distance by 
making and breaking the current accord- 
ing to a preconcerted code. 

Yet another way in which electricity 
will undoubtedly be used in any future 
war between civilized powers is in sub- 
marine boats, or boats which go beneath 
the surface of the water, to attack ships 
below the water line. Though it cannot 
be said that submarine boats have ever 
yet been successful, still, submarine boats 
are being improved, and men have always 





been found willing to risk their lives in 
them. Some have been devised of late 
years, in which the propelling power is 
electricity derived from storage batteries. 

In submarine diving the telephone has 
been used with success in maintaining 
constant communication between the 
diver and his attendants above water ; 
and the incandescent lamp, suitably pro- 
tected, has also been lowered into the 
water to light him at his work. Subma- 
rine diving will certainly play a part in 
future wars, the diver descending to cut 
an enemy's torpedo cables, or to inspect 
or repair damages to submarine mines or 
to ships. 

Progress is now beginning on what 
have been christened “ electrical guns,” 
in which the cartridge contains an elec- 
tric fuze, which is ignited by pressing 
an electric push-button on the gun, in- 
stead of containing the ordinary percus- 
sion primer, which is struck by a hammer 
or bolt when the trigger is pulled. At 
present this invention has not reached 
the practical stage, and the necessity for 
a battery to fire the cartridge is decidedly 
an objection. Yet we should remember 
that the battery reqvired is very small, 
that it needs very little care, and that it 
will last a long time. We should also note 
that an electric gun possesses the great 
advantage that a better aim can be got 
with it than with one fired by a trigger- 
hammer; for the reason that the hard 
pull of a trigger causes a movement of 
the barrel, except in the hands of the 
most highly-skilled marksman. Now, 
this hard pull of the trigger is a ne- 
cessity, since the hammer or bolt must 
have considerable mass in order that it 
may be strong enough to strike the 
primer with sufficient force to explode it, 
and having considerable mass, it must 
have, necessarily, considerable inertia, so 
that it needs a deep notch in order to 
hold it firm at full cock when jarred, and 
this deep notch necessitates a strong pull 
on the trigger. But with an electric gun 
the circuit-closing parts can be very 
small and light, and can be put intoa 
recess in the butt of the gun out of the 
way of chance blows, so that when it is 
desired to fire, a very light pressure of 
the finger is all that is needed, and yet 
from the small inertia of the parts, a sud- 
den shock will not cause accidental clos- 


ing of the circuit and firing of the gun. 
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We have now taken a running survey | the fabled weapons of mythology. Yet 
of the uses of electricity in war, and we|our wonder and admiration at what has 
find that they include nearly all the uses | been accomplished pale before our won- 
to which electricity can be put. Warfare|der and admiration at what will surely 
now means more than the mere handling | be accomplished. Progress is marching 
and provisioning of troops and ships;|with rapid steps. Looking forward to 
it means, in addition, the intelligent em-|the future with the light the past af- 
ployment of scientific instruments. Par-|fords us, we see the promise of great 
ticularly is this the case with naval war-| things to come. Let us welcome each 
fare, for a modern ship, considered as a/new triumph of the discoverer and in- 
whole, is, in itself, the most elaborate, | ventor, and take advantage of every re- 
complicated, and powerful machine ex-|source that science can suggest. War 
isting. \is a sad necessity, but it comes seldom 
Science has made warfare a greater|to a nation known to be prepared. Let 
thing than scientists themselves fore- | us thoroughly prepare ourselves. Then, 
saw, for it has put into the hands of our|if war does unfortunately come, we need 
naval and military commanders weapons | not fear the issue. 
surpassing in power and length of reach | 





THE FORTH BRIDGE.* 
From “Iron.” 


By B. Baker, M.I.C. E. 


Tue North British Railway Company 
for many years have striven hard to ob 
tain a physical connection of their lines 


fall of the Tay Bridge, public confidence 
in Sir Thomas Bouch’s design was shaken, 
and in session 1881 a Bill for the aban- 





north and south of the Forth by means | donment of the Forth Bridge was pro- 
of a bridge. Twenty years ago they were| ceeded with. Whilst in committee, the 
authorized by Act of Parliament to build | different companies interested, namely, 
a bridge across the Forth at a point five | the North British, Great Northern, North- 
miles above the site now under construc- | Eastern, and Midland Railway companies, 
tion, but borings 120 feet in depth| ordered a final reference of the whole 
showed nothing but soft silt and mud, | question to their respective consulting 
and the bridge, which was to have been | engineers, with the result that the aban- 
two miles in length, inclusive of the four|donment bill was dropped, and the de- 
spans of 500 feet each, was luckily aban-| sign for the cantilever or continuous 
doned, as the difficulties with the founda-| girder bridge, prepared by Mr. Fowler 
tions would have proved practically in-|and myself, in consultation with Mr. 
superable. In 1873 another Act was| Harrison and Mr. Barlow, was substi- 
passed for a bridge across a narrower and | tuted for the original suspension bridge. 
deeper part of the Forth at Queensferry.|In 1882 the necessary Parliamentary 
At low water the width of the channel| powers were obtained, and in January, 
there is about 4,000 feet ; and the island| 1883, the works were commenced by 
of Inchgarvie affording a foundation for | Messrs. Tancred, Arrol & Co., the con- 
a central pier, it was possible to cross the| tractors. The total length of viaduct in- 
200 feet deep portion of the sea-way by a| cluded in the contract sum of £1,600,000 
couple of spans from 1,600 feet to 1,700} is about 14 miles, and there are: 

feet each in the clear. Sir Thomas Bouch 2 spans of 1,700 feet each. 
prepared a design for this bridge on the s° * 675 

suspension principle, with towers 665 1 168“ 

feet in height from base to summit, and eo 

the contract for its construction was let 
to Mr. Arrol. Owing to the subsequent 


Crcrad 


sc 


Including piers there is thus one mile of 
main spans and half a mile of viaduct 
approach. The clear headway is 150 feet 
above high water, and the tops of the 








* Read at the meeting of the British Association. 
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great cantilevers are more than 200 feet 
higher still. There will be about 45,000 
tons of steel in the superstructure of the 
bridge, and 120,000 cubic yards of 
masonry in the piers. 


PIERS. 


The South Queensferry main pier con- 
sists of a group of four cylindrical piers 
of masonry and concrete, founded by 
means of pneumatic caissons on the 
strong boulder clay constituting the bed 
of the Forth at this point. Owing to the 
slope of the clay, the caissons required 
to be sunk to depths varying from about 
70 feet to 90 feet below high water. The 
diameter ranges from,70 feet at the base 
to 60 feet at low-water level, above which 
the iron skin of the caisson is replaced 
by a facing of Aberdeen granite. At the 
base of the caissons is a working chamber 
of 7 feet in height supplied with com- 
pressed air, and electrically lighted, for 
the men excavating the material. This 
chamber was kept clear of water by a 
pressure of air considerably less, as a 
rule, than that due to the head of water 
outside. For example, at 90 feet below 
high water, when the north-east caisson 
had been sunk through a considerable 
thickness of silt, the air pressure required 
to be maintained at 18 lbs. per square 
inch only, although at the reduced depth 
of 57 feet it was found convenient to 
work at 30 Ibs. air pressure. Three 
shafts and air-locks were provided for 
each caisson, two for the excavated ma- 
terial, and one for the men. The former 
had two horizontal sliding doors actuated 
by small hydraulic rams, and the skip 
containing the clay and boulders was 
hoisted up by a 90-feet shaft by a steam- 
engine mounted on the side of the air- 
lock. As a rule, from 200 to 300 skips 
of excavated material were raised per day 
of 24 hours by a force of from 20 to 30 
men. The maximum number of skip- 
loads was 363, and of men 33. The size 
of the skips was 3 feet diameter by 4 feet 
3 inches high. Owing to the extreme 
hardness of the clay it was necessary to 
provide a certain number of spades hav- 
ing hydraulic rams in the handles, which, 
abutting against the roof of the working 
chamber, sliced the clay readily. At the 
present time, three of the South Queens- 
ferry caissons have been sunk success- 
fully to the full depth, and the fourth and 








last would also have been completed but 
for an unfortunate accident. which hap- 
pened to it at the beginning of the year. 
By some means the caisson, which had 
been floated into position for some weeks, 
accidentally filled with water, and sank 
and slid forward on the mud, It is now 
being carefully cased in timber, to admit 
of the water being pumped out and the 
caisson floated again into position. 

At Inchgarvie similar pneumatic cais- 
sons are used for two out of the four cyl- 
indrical piers, and the work on both is in 
full progress. Owing to the slope of the 
rock bottom, it is necessary to cut away 
as much as 18 feet in thickness of whin- 
stone rock to form a level bench for the 
pier at 70 feet below high water, and the 
most convenient way of doing this was to 
convert the base of the pier practically 
into a great diving bell 70 feet in di- 
ameter. In this case, there being no silt 
over the rock, the pressure of air neces- 
sarily is that due to the depth of water 
outside, and somewhat sensational 
“blows ” occur with a falling tide. Rock 
drills are provided, and blasting goes on 
in the compressed air chamber without 
necessitating the withdrawal of the men. 

At North Queensferry, the four main 
piers were built either on dry land or 
within timber and clay coffer-dams. 
Above low water the whole of the main 
piers are built of Arbroath masonry in 
cement faced with Aberdeen granite, and 
hooped occasionally with 18 inches 
wrought-iron bands. The cantilever end 
piers, and the viaduct piers, are built of 
rubble, concrete, and granite in cement. 


SUPERSTRUCTURE. 


Although the piers of the Forth Bridge 
present many points of interest, it is the 
enormous span and novel design of the 
superstructure that has attracted the at- 
tention of the engineers of the world to 
the work now in progress at Queensferry. 
The chief desiderata in the biggest rail- 
way bridge ever proposed to be con- 
structed are durability, strength, and 
rigidity under express trains and hurri- 
cane pressures ; facility and security of 
erection, high quality of material and 
workmanship, and economy in first cost 
and maintenance. These, we considered, 
would be best met by a steel “cantilever” 
or “continuous-girder” bridge. Since 
the commencement of the Forth Bridge, 
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American engineers, ever bold and ready, 
have built three cantilever bridges of 
considerable span, and practical experi- 
ence has confirmed our anticipations as 
to the advantages of the system; the 
Niagara Bridge, over 900 feet in length, 
which was manufactured and erected 
across the rapids in the short time of ten 
months, having stood ali the tests of 
actual working in the most satisfactory 
manner. In the Forth Bridge, each span 
of 1,710 feet is made up of two canti- 
levers, projecting 680 feet, and a central 
girder connecting the same 350 feet in 
length. The cantilevers are 343 feet deep 
over the piers, and 40 feet at the ends. 
The bottom members consist of a pair of 
tubes tapering in diameter from 12 feet 
to 5 feet, and spaced 120 feet apart. 
center to center, at the piers, and 31 feet 
6 inches apart at the ends. The top 
members consist of a pair of box lattice 
girders, tapering in depth from 12 feet 
to 5 feet, and spaced 33 feet apart at the 
piers, and 22 feet 3 inches at the ends. 
Each tube has a maximum gross sectional 
area of 830 square inches, and each girder 
a& maximum net sectional area of 506 
square inches. Upon each cylindrical 
masonry pier is bolted a bedplate carry- 
ing a “skewback,” from which spring 
vertical and diagonal columns and struts. 
The former are 12 feet in diameter, and 
from 368 to 468 square inches sectional 
area; the latter are flattened tubes. 
Horizontal wind-bracing of lattice girders 
connect the tubes forming the bottom 
member of the cantilevers, and similar 
vertical wind-bracing connects the ver- 
tical and diagonal tubes, so that the 
whole structure is a network of brac- 
ing, capable of resisting stresses in 
any direction, and of any attainable 
severity. 

The rolling load provided for is (1) 
trains of unlimited length on each line of 
rails weighing 1 ton per foot run (2) 
trains on each line made up of two 
engines and tenders, weighing in all 142 
tons, at the head of a train of sixty short 
coal trucks of 15 tons each. The wind 
provided for is a pressure of 56 lbs. per 
square foot striking the whole, or any 
part of the bridge, at any angle with the 
horizon, the total amount of the main 
spans being estimated at no less than 
7,900 tons. In practice only two trains, 


weighing 800 tons in all, would be on 





this length of bridge at the same time, so 
the wind pressure (if such a hurricane as 
56 lbs. per square foot could ever occur) 
would be ten times as great as the train 
load. Under the combined stresses re- 
sulting from the test load in the worst 
position, and the heaviest hurricane, the 
maximum stress on the steel will not ex- 
ceed 74 tons per square inch on any por- 
tion of the structure, and on members 
subject to great variation in the intensity 
and character of stress, the maximum 
will not exceed 4 tons per square inch. 
For tubular columns and struts 34 to 37 
tons steel, with an elongation of 17 per 
cent. in 8 inches, is specified, and for 
tension members 30 to 3% tons steel, 
with 20 per cent. of elongation. We have 
now about 15,000 tons of steel delivered 
and worked up, and are satisfied that the 
quality as supplied to us by the Steel 
Company of Scotland, and the Landore 
Company, is admirably adapted for bridge 
construction. In making the tubes, the 
plates are heated in a gas furnace, and 
bent hot between dies, in a powerful hy- 
draulic press. A slight distortion takes 
place in cooling, which is corrected by 
pressing the plates again when cold. 
After bending, all four edges are planed, 
and the plates built up into a tube. 
Traveling annular drill frames surround- 
ing the tube, fitted each with ten travers- 
ing drills, bore the holes at once through 
plates, covers, and stiffeners, so that 
when again fitted in place for erection, 
every piece comes into exact juxtaposi- 
tion. Similar traveling drill frames deal 
with the lattice-box girders, every hole 
being drilled as the machine advances. 
Generally the plant designed by Mr. 
Arrol for drilling the innume:able holes 
in the 42,000 tons of steel-work for the 
main spans is of signal merit and effi- 
ciency, and well worthy the attention of 
practical engineers. At the present time, 


although, as already stated, about 
15.900 tons of steel-work is on the 
gr-und, only the approach viaduct 


girders and some of the bed-plates of 
the main spans are erected and riveted 
up. In a few weeks, however, the erec- 
tion of the portion of the main spans 
over the North Queensferry piers will be 
proceeded with. The “skewbacks” and 
connecting tube will first be riveted up, 
and then a platform of temporary girders 
and planking will be constructed, and 
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raised gradually by hydraulic rams in the| Bridge, the steel is subject only to a 
four vertical 12-feet diameter columns as | steady pressure of varying intensity, and 
the work of erection and riveting-up pro-| a quality of steel was adopted which com- 
gresses. This platform will carry cranes| bined perfect facility in working with a 
and other appliances, and the men will| high resistance to compression. Although 
be thoroughly protected, so that work/an increased tensile strength is accom- 
will be carried on with as much confidence} panied by a decidedly increased resist- 
at a height of 350 feet as at sea level. | ance to flexure in columns and struts, the 
When the portion of steel-work over the | latter is not proportional to the former. 
piers is erected, the first bay of the|If the thing were practicable, what I 
cantilever on each side of the same | should choose as the material for the 
will be added, the work forming its|compression members of a bridge would 
own staging. This will be followed by| be 34 to 37 ton steel, which had been 
succeeding bays until the cantilevers previously squeezed endwise in the direc- 
are complete, and the central girders| tion of the stress to a pressure of about 
will then be erected, probably on the| 45 tons per square inch—the steel plates 
same plan. | being held in suitable frames to prevent 
It will be observed that for certain | distortion. 
parts of the Forth Bridge we use steel of} My experiments have proved that 37- 
a higher tensile strength than is at pres-| ton steel so treated will carry as a column 
ent considered admissible either for|as much load as 70-ton steel in the state 
ships or boilers. This has not been done | in which it leaves the rolls, that is to say, 
without full and mature consideration of | not previously pressed endwise. It would 
the whole question. Our experiments| be a matter of much practical moment to 
showed that steel, having a _ tensile| ascertain if some convenient treatment 
strength of from 34 to 37 tons per square | could be devised which would endow steel 
inch, offered a decided advantage over} with this greatly increased power of re- 
very mild steel, when compressive stresses | sistance to compression without injuring 
and the flexure of long columns were | its resistance to tension, or its ductility, 
concerned. Indeed, an inferior quality} which remained unaffected by previous 
of steel, such as would be used for rails,| compression in my experiments. At 
will stand compression far better than | least one-half of the 42,000 tons of steel 
the best boiler steel or Lowmoor iron.|in the Forth Bridge is in compression, 
Thus, I found a column twenty diameters | and the same proportion holds good in 
in length of common Bessemer steel | most bridges, so the importance of gain- 
carry 27 tons per square inch, where one | ing an inrreased resistance of 60 per cent. 
of mild boiler steel has stood but 17 tons. | without any sacrifice in the facility of 
It would be inexpedient, however, to use| working, and safely belonging to a highly 
inferior steel, even for the compressive} ductile material, can hardly ‘be exagger- 
members of a bridge, und, therefore, a|ated. Our experience has led us to “the 
high quality and high tensile resistance | conclusion that sheared edges are a more 
were indicated. Although this steel takes | fruitful source of fracture than partial 
a temper, and becomes brittle, if cooled| tempering, or other contingencies. All 
in certain ways, it will stand the ordinary | of our bent plates are made red-hot, and 
Admiralty ‘temper tests, bending to a|the effect of the shearing is thus elimi- 
radius of double the thickness, after being | nated even before planing. Those plates 
made red-hot and cooled in the usual! which are not heated have the edges care- 
way. Ina boiler the steel plates are sub- | fully planed so as to leave no trace of the 
ject to great changes of temperature and | shearing, and we find that whether we 
consequent stresses from expansion and/are dealing with 30-ton or 37-ton steel, 
contraction. In a ship, almost every/the plates so treated stand all the de- 
plate in the hull is subject to alternate/| sired tests. Experiments which I have 
tensile and compressive stresses when | made, and am still making, on the resist- 
amongst waves ; and, further, a vessel is| ing power of different classes of iron and 
liable to severe alternating stresses and | steel to repeated bendings, such as the 
shocks on taking ground, dry docking, | shaft of a marine engine undergoes if the 
and under other circumstances. In the| bearings get out of line, indicate that the 
compression members of the Forth| superiority of low-tension steel is con- 
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siderably greater than the increased duc- the plant now at the Forth Bridge is 


tility would indicate. In conclusion, I 
may state that the approximate value of 


£250,000, 
£600,000. 


and of the work executed 


THE DECAY OF STONE ON THE GROUND LEVEL. 


From “The Building News.” 


Tue decay of stone on the ground level stone is carbonate of lime, more or less 
of buildings is a subject of great import-|in a state of crystallization, but, never- 
ance and anxiety to those responsible for| theless, more or less solvent in water, 


substantial erections in this material ; 
for in many instances, before the work 
can be got out of hands by the contract- 
ors, signs of disintegration present them- 
selves, and before many years have 
passed the evil has intensified to such an 
extent that the lower parts of the build- 
ings are in a state of decay bordering 
upon ruin. The same evil presents itself 
in connection with old buildings, and it 
is invariably the case that this dissolution 
in the lower part of the building hastens 
the process of disintegration over the 
whole fabric. 

This detail of decay in stone is trace- 
able, in a primary sense, to absorption of 
water from the foundations; but, in a 
secondary sense, to a variety of causes. 
Absence of damp course, as in old buiid- 
ings, is a prime cause of this decay of 
stone on the ground line, and inefficient 
damp course is a secondary cause. These 
are intensified by thick walls, filled in 
with rubble and grouts, backed with a 
damp and humid atmosphere. In some 
cases it is accelerated by the finished 
ground being inadvertently brought 
above the damp course, or by stone pav- 
ing being brought up to its level, where- 
in the beating rain gets access to the 
superstructure. The character of the 
stone used in the house of a building is 
an important factor. A porous sand- 
stone, like the millstone grit of the Car- 
boniferous system, is extremely durable, 
whilst a porous limestone, like the Bath 
and Ancaster stones of the Oolitic sys- 
tem, is extremely perishable. The rea- 
son of this is not far to seek, for the ce- 
menting medium in the sandstone is sili- 
ca, impervious to the action of water 
traveling to the face of the stone to 
evaporate in the rarified atmosphere ; 
while the cementing medium in the lime- 


containing, as it does, in important cen- 
ters, a dangerous amount of carbonic 
acid. In the former case the stone will 
give out its water without ruin being 
stamped upon its face, whereas in the 
latter, the mineral matter, unable to pass 
into the air, will crystallize on the outer 
face or skin, an operation that will mark 
the decay of the stone by disintegra- 
tion. 

In a humid climate like that of England, 
stone, independently of its connection 
with the foundation of a building will, dur- 
ing half the year, be conducting the pro- 
cess of absorption. This is an operation so 
well known that stone walls have an un- 
enviable character for their dampness, a 
character that invariably causes them to 
be built hollow, or lined with brick or a 
framework of wood. The same stone, 
during the summer season, will be giving 
off its stored-up moisture, an operation 
of no moment on the north side of a 
building, where the absorbing power of 
the sun is not experienced, but one that, 
on the south side, will be carried to a 
great and a dangerous extent. It is to 
the absence of the sun on the north side 
of a building, and the uniform character 
of the moisture in the stone, that itis al- 
ways in a better state of preservation 
than the south side, and it is to the 
presence of the sun on the south side, 
and the extremes of moisture, heat, 
and dryness experienced by the stone, 
that it is invariably found in a decayed 
or ruinous state. The moisture present 
in the north and south walls of a build- 
ing in the winter or humid season is 
identical, the reverse being the case in 
summer, for the north wall, if the sur- 
roundings are favorable, will be coated 
with moss or lichen, whilst the south 
wall will be dry and arid. It is to this 
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high or active state of evaporation in 
the sun that the decay of stone on the 
ground line is, if not actually brought 
about, certainly accelerated. So much | 
is this the case, that if we examine the | 
north wall of a building we shall find) 


the line of disintegration on the ground | 


level scarcely marked, while the line on 
the south, or other sides exposed to the} 
influence ‘of the sun, illustrates an ad- 
vanced state of decay. It naturally fol- 


lows that special attention should be) 
brought to bear on all but the north) 
sides of a building; the damp course} 


should here be most effectual, and the 
walling upon it placed above any pos-| 


in avoiding all projections, recesses, &c., 
| which collect and distribute water, on 
what is known as the drip principle. a 
| principle most markedly at variance with 
the preservation of stone. If these fea- 
tures are imperative, arrangements 
should be made for collecting and remoy- 
ing the water, a thing by no means im- 
\possible where wall pipes are intro- 
‘duced in connection with the roofs. If 
a porous stone is used, more especially 
if it be limestone or dolomite, we advise 
the coating of the same with preserva 
tive composition, a material, on the one 
|hand, that prevents undue absorption, 
and on the other, undue evaporation. In 





sible contact with the ground, or the in-| giving this advice, we are not unmindful 
fluence of beating rains. The ashlar | of the fact that it gives to the stone a 
work should be constructed in a stone | paint-like surface for a time; but it has 
whose power of absorption is of a low | | proved so efficient in the extensive restor- 
order, for it is to the large measure of | ations carried out on the south side of 
absorption and evaporation in the ab-| York Cathedral, by the late and lament- 
sence and presence of the sun, that dis. | \ed G. E. Street, that we have no _ hesita- 
solution is brought about. In carrying | tion in advocating it. 

out this policy, care should be exercised 





THE THOMAS-GILCHRIST OR BASIC BESSEMER PROCESS. 
Extract from a recent report by Exias Perrerson. 


Translated from the ‘‘ Jernkontorets Annaler’ by MAGNUS TROILIUS. 


Tue Thomas-Gilchrist, or Basic-Bes- | Basto Proogss. Marks. 
semer process, is now extensively used | Pig, 1165 kg , @ 44 marks per 1000..... 51 26 
| Blowi ing expenses bee Pisivmaave ake naown 20.00 





in Germany, France and Belgium, partic- | 

ularly for the manufacture of soft steel. 

Owing to the low rates of freight at which | 
the Spanish Bilbao ores are carried to 
Amsterdam and Rotterdam, the price of 
Bessemer pig has lately been only 48 to 
50 marks per 1,000 kg., with Thomas pig 
at 42 marks. In Eastern France the 
Thomas pig was counted 10 francs cheaper 


Ingots per ton 
Mareriats ror Basico Liiva. 
Magnesia—bricks being too expensive 
—ground, burnt dolomite mixed with 
water, free or boiled coal tar is now 
mostly used. The dolomite has the fol- 
lowing composition : 








; . Ar Horrpe. 
than the Bessemer pig, blown from pure | si. gy 
Spanish ores. The Thomas pig, how- | Fe,0,+Al,0, = 230. “ 
ever, causes more loss and expense in re- | CaCo, ane og ae ‘“ 
fining; the ingots from both processes MgCo, = 34.32 “ 
are therefore about equal in price, as . 
shown by the following figures: — 
” : : At Rotue Erpe. 
Acip Process. SiO, = _.60 per cent. 
| Fe,0,+Al,0, = 116 “ 
Marks. CaO = $2.45 “ 
Pig, 1100 kg., @ 52 marks per 1000.. . 57.20 MgO = 19.15 “ 
BNGWINE GRDODAOS. «6.6056 o50ccceccccese 14.40 Co, = 46.45 “ 
Ingots per ton..... . 71.60) 99.81 
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sid, = 1.35 per cent. 
Al,O, = 2.05 ” 
CaO = 30.12 oa 
MgO = 19.21 = 
FeO = a “ 
Co, = 44.97 sa 
H, = 1.99 “ 
99.95 


In most places the dolomite is crushed 
into fist-size pieces, and calcined in a) 
cupola with alternate layers of coke. At} 
Hoerde, with good coke, the consump- 
tion was only 13 per cent., but at Hay- 


ence, where poor coke was used, the con- | 
Good blast | than a lining built up of basic bricks, 
is required so to give heat enough to| there being no joints. 


sumption was 100 per cent. 


ly retains .2 to .5 per cent. of water after 
boiling. 

For the sides of the converter a more 
finely-ground dolomite is generally used 
than for the bottoms, which are made of 
a mixture of half finer, half coarser, dolo- 
mite. Somewhat more tar is generally 
used for the bottoms than for the 
sides ; this is, however, very different for 





different works. Thus, at the Westpha- 


| lian Works, 18 to 20 per cent. of tar was 


|used, whilst in France, at Hayence and 
| Mont Saint Martin, only 7 to 9 per cent. 
| was necessary. 


A rammed basic lining is more durable 


For this reason, 


glaze the dolomite, thereby preventing a | both bottoms and sides are now gener- 


too rapid absorption of moisture. 


The furnace at Hoerde was 6 meters | 


‘ally rammed in with heated iron rams. 
The sides of a 10-ton converter are 


high, and produced 10,000 kg. of burnt | 'made 450 mm., the bottom 650 mm. thick. 


dolomite in 24 hours. 
The burnt dolomite is freed from ad-| 


| As pattern for the manufacture of bot- 
toms is used a conical cast-iron ring, 


hering slag and coke, and then ground | ‘which is placed upon a closely-fitting, 


and mixed with coal tar. 


The commer-| cast-iron bottom plate. 


This plate forms 


cial tar contains 18-20 per cent. of water, | the lower part of the converter bottom 


which is removed by boiling in a cast-| when completed. 
iron pan, from which the tar is afterwards | fastened needles or tuyere stones. 
drawn up into a measuring chamber ;| 


Into this bottom are 


The 
following figures, giving the number of 


from there it is subsequently carried to| needles and tuyere holes used, deserve 
the mixing machinery. The tar general-| mentioning : 


5-ton furnaces, 


42 needles, with 11mm. diam. 


Oberhausen.......... 8 45 si “ 

ee errr 10 ‘ 50 sa “ 

Dortmunder Union... 10 . 50 . 2 “6 
Mongmedy .. 0 ' 18 tuyere : stones, with 9 holes, . 2 “ 
Hayence.. .. senate ae - 12 — a 43 
Mont St. Martin. Sansa 15 “ 21 “ ig S = “« » 6 
(eee ren 12 = 19 sid = . © * 10 $6 
RheinischeStahlwerke 7 ae 7 ” - es =“ 2 6 
| RRR 6 ae 11 “ : = * @ te 
Gebriider Stumm.... 8 -" 8 “ “ ; = “« 3 as 


The tuyere stones are brought from, 
England, where they can be obtained 
cheapest. 

The height of the tuyere stones is 
adapted to the more or less burnt-out 
state of the bottom. Thus, at Athus, 
for new bottoms, were used stones 630 
mm. high, and for burnt-out bottoms, 
stones 440 and 290 mm. high. 

The bottoms are dried in a long cham- 
ber, holding many bottoms at the same 
time; the bottoms are kept there for 16 
to 18 days, being moved, during that 
time, gradually up to the hottest part 
next to the fireplace. Confusion, how- 
ever, is sometimes caused by having so 
Vou. XXXITI.—No. 6—34 


; many bottoms at different stages of dry- 
ness in one room, and at Hoerde it was 
therefore intended to build a special heat- 
ing-room for each bottom. Every fresh 
converter lining must be well dried by 
burning about 16 ewt. of coke, or 24 ewt. 
of coal, in the converter. The drying 
requires 5 to 7 hours. The heat should 
be of such strength as to glaze the lin- 
ing after expelling the tar fumes. 

After inserting the converter bottom 
from below, the joint between bottom 
and converter is tightened by injecting 
plastic balls of dolomite and tar through 
the converter nozzle. The bottoms can 





stand 22 to 24 blows (at Rothe Erde they 
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were said to stand 30 blows); as a rule, 
however, they do not stand more than 15 
to 18 blows, and sometimes only 9 or 10. 

The converter bottom is always ex- 
posed to the hardest wear; the tuyere 
stones made of clay-chamotte, particu- 
larly, are worn rapidly. These tuyere 
stones, as already mentioned, can easily 
be replaced by shorter ones. The sides 
of the converter can stand from 80 to 
100 blows without repair. 

Puan. 

Holley’s arrangement for changing bot- 
toms is used at the new works, Athus, 
in Belgium. Bottoms could be changed 
in 45 minutes. At Mont St. Martin the 
same arrangement was going to be intro- 
duced. 

At all the works, except one, three con- 
verters were considered to be the right 
number for a continuous run. Only at 
Athus the Holley arrangement made it 
possible to turn out 400 tons a day, by 
means of 2 12-ton converters. 

At other works, with only 2 converters, 
3 to 4 hours were wasted every day for 
changing one or two bottoms, and only 22 
to 24 blows could be made a day; at the 
works with 3 converters, 28 to 34 blows 
could be made in 24 hours. 

Bessemer converters, which can blow 
10-ton charges with an acid lining, can if 
lined with basic lining, only handle 8 tons. 

Casting ARRANGEMENTS. 

In all newly-built Thomas works the 
casting pit is placed at some distance 
from the converters, so as to leave ample 
room for removing the large amounts of 
slag which are characteristic of this 
process. The ladle is transported by 
means of a crane attached to a locomo- 
tive, as at Hoerde and Ilsede, where the 
converters are all in one line, or the 
ladle is carried between converter and 
pit by means of two fixed cranes. 

Tuomas Pic. 


Thomas pig generally contains 1.5 to 
3 per cent. of phosphorus, and .1 to 1.5 
per cent. of silicon. A few analyses may 
be here given: 
hos. Silicon Mang. 
Name of Works. $ G p 
Neunkirchen....... 
Serre 
Mont St. Martin 
peg OEE 
Rothe Erde 
ee 


Ccooown 
of TE ont ox 
M29 Doone & 
99 bt ot ot 2D 
Berairisd * 





The phosphorus must not exceed 3 
per cent., as the loss and the deteriora- 
tion of the converter lining increase with 
the phosphorus. The hotter the pig and 
the higher the per cent. of phosphorus 
is, the less silicon is required. A high 


per cent. of manganese is always useful, 
in order to render the slag more fluid and 
to remove sulphur, which occurs in con- 
siderable quantities in Thomas pig. 


Lime. 


An addition of 12 to 14 per cent. of 
lime is sufficient for low-phosphorus pig ; 
otherwise 17 to 20 per cent. is required. 
The lime is generally taken direct from 
the calcining furnace, in order not to cool 
the converter unnecessarily. The lime 
used is very pure. At Hoerde it con- 
tained : 

Lime, 89.05; magnesia, 3.05; alumina 
and iron peroxide, .62; silica, .82; phos- 
phoric acid, .01; sulphuric acid, .42 ; car- 
bonie acid, 5.37. Total—99.34. 

In order to render the slag still more 
fluid, 1.5 per cent. of fluoride of calcium 
was added at the French works. 

At Hayence, Athus, and Mont St. Mar- 
tin the pig was taken direct from the 
blast furnaces, but at ell the other Thomas 
works it was re-melted in cupolas. 


Tue Buow. 


Owing to the small amount of silicon 
present the carbon begins to burn very 
soon, and continues to burn with a blue, 
carbonic-monoxide flame for about 10 
minutes. Then follows the after-blow, 
by means of which the phosphorus is re- 
moved from the metal. The after-blow 
lasts for 2 to 4 minutes ; at most works a 
certain number of revolutions of the 
blowing engine is used for the after-blow, 
after the completion of which the con- 
verter is tilted over, so that most of the 
slag, now rich in phosphoric acid, may 
run out. 

At the same time a sample of metal is 
taken out and tested by rapidly hammer- 
ing it into a round plate, cooling in 
water and breaking intwo. The more or 
less coarse fracture indicates whether the 
metal is dephosphorized or whether the 
after-blow has to be continued. 

Great difficulties have to be contended 
with at this stage of the process, principally 
owing to the necessity of not continuing 
the after-blow too long, in order to save 
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the converter. The result is that the de- 
phosphorization is seldom carried lower 
than .1 per cent. 


PERCENTAGES OF PHOSPHORUS IN THE 
Propvcr. 


One works has classified the basic 
blows of 1884 according to the percent- 
ages of phosphorus in the refined prod- 
uct, showing the following not very good 
results : 
less than .10 ¢ of P. 
exactly .10‘ ‘“ 
morethan.10 ‘* ‘ 


of the blows had 


Finat AppIrTIons. 


Spiegel is used for higher carbons’ 
and ferromanganese for lower carbons- 
The spiegel is melted in a cupola, whilst 
the ferromanganese is only preheated or 
used cold. Sometimes when the bath 
was very unruly, 40 to 60 kg. of “ ferro- 
silicium,” with 10 to 14 per cent. of sili- 
con, was added, in order to quiet the 
bath and secure solid ingots. 


MecuanicaL AND CHemicaL TESTs. 


Besides the test mentioned above, a 
sample was always hammered out and 
hardened from a white heat. The sample 
was then welded and hammered to 1’ 
square, cooled and fractured. 

For control, the carbon and phosphor- 
us were always rapidly determined in each 
blow by chemical analysis.* 

At Kaiserslauten large quantities of 
plate, 5 mm. thick, for coats of mail, 
were manufactured. This plate must 
have 18 to 20 per cent. elongation, with a 
tensile strength of 50 to 55 kg. per sq. 
mm.,f and was tested by firing ten 
charges in succession from breech-load- 
ing rifles at 50 meters distance, against 
plates 300 mm. in diameter. The back 
side of the plate must then show no 
signs of cracking, unless two bullets 
strike the same spot. 


Loss. 


The loss in the Thomas process is from 
15 to 17 per cent. For the manufacture 
of rails, less lime and shorter after-blow 
are used; the loss is, therefore, in this 





__* For information regarding rapid chemical analysis 
in steel manufacture vide Troilius’ ‘“‘ Chemistry of 
Iron,” John Wiley’s Sons, New York. 

+ To convert kg. per sq. mm. into Ibs. per sq. inch, 
multiply by 1422.47. 


| with dilute hydrochloric 


is desired to 
more com- 


case less than when it 
remove the phosphorus 
pletely. 

The softer the metal is desired to be, 
the more difficult and expensive becomes 
its manufacture, the bath being unruly to 
a high degree. During the cooling a vio- 
lent evolution of gas takes place, causing 
bad ingot tops and much loss in rejec- 
tion. 

At Hoerde, a pig was for a long time 
made out of only Thomas and puddle 
slags. One pig thus obtained con- 
tained : 

87 

02 
18.18 “ 
trace = 

4.53 aa 


per cent. 


ni dt 


n 


As a rule, however, only 5 to 6 per 
cent. phosphorus was present in the pig 
used, 


Tuomas Suiaacs Aas FERTILIZERS. 


The following analyses give an idea of 
the composition of the Thomas slags: 
A Cc D 
4.86 ‘ 7.88 
20.58 20.16 
46.31 54.42 
5.64 77 
12.56 8.00 
6.97 6 1.92 
‘ = 1.10 
64 .98 
Cas 1.21 1.31 
99.51 100.54 


Dr. Scheibler has patented a process 
for extracting the phosphate of lime from 
these slags for fertilizing purposes. 
His process is used at Schalke, in West- 
phalia, and at Stollberg, in Aachen, and 
is there carried out essentially as fol- 
lows: 

The slags are roasted in reverberatory 
furnaces, 9 meters long and 1.5 meter 
wide; 20,000 kg. slag are thus burnt in 
24 hours, with a consumption of coal of 
only 130 kg. The roasting oxidizes the 
sulphide of calcium, and converts the 
iron and manganese into higher oxides. 
The roasted slag is pulverized, after a 
previous treatment with steam, which 
converts the free lime into calcium hy- 
drate, thus aiding the pulverization. 

From the pulverized slag the phos- 
phate of lime and the silica are extracted 
acid (1.10.) 
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About 1,450 kg. of acid are used for 1,000 | 
kg. of slag. The solution requires only 
a few minutes for completion, and is car- 
ried out in big vats. 

After some standing the solution is 
drawn off from the insoluble residue, and | 
neutralized with lime water, which precipi- | 
tates the phosphoric acid, together with 
a little silica, the larger part of the silica 
remaining in solution. 

The precipitated phosphate is separ- 
ated from the liquid by means of huge 
filtering presses. Thus, wet cakes con- 
taining 65 to 70 per cent. of water were 
obtained. 

The phosphates are finally dried and | 
pulverized simultaneously in specially- | 
constructed contrivances. The final prod- | 
uct contained : | 


| 
| 
| 


At Stolberg. AtSchalke. 
Per cent. Per cent. 
P.O, 31.82 31.66 
SiO, 13.26 . 9.05 
CaO 35.01 34.99 
F 2.43 2.7 
Loss on ignition 11.94 11.97 


50 per cent. of the slag treated is ob- 
tained as phosphate. The residue ob- 
tained, after extracting the roasted slag 
with dilute hydrochloric acid, amounts to 
about 30 per cent. of the total slag, and 
forms an excellent material for the man- 
ufacture of manganiferous pig iron. At 
Schalke this residue was found to con- 





HYDRAULIC 


tain : F,O, = 52.4 per cent. 
Mn,0, = 15.10. “ 
MgO’ = 9.90 « 
CaO = 14.18 - 
P.O, = 531 « 
Sid, = 440 « 

FORMULAS: 


A COMPARISON OF FORMULAS AND RESULTS—DARCY’S FORMULA APPLIED. 


By 


NATHANIEL HILL. 


Written for Van NostRAND’s MAGAZINE. 


Tue following formulas for the velocity | 
of flow of water through pipes, are select- 
ed from Table 65, of Fanning’s “ Treatise 
on Hydraulics,” being all that seem, from 
their results, to have been designed for 
that use: 





Fanning. 
=( 29 H )i 
(l+ce,)+ml 
> 
Etelwein. 
—5o(_¢H_\3 
= 50(7+ 50a) 
Neville. 
v=(; __Hir__ )? 
~ \.0234 + .0001085/ 
Hawksley. 
— dH \4 
’ =48,045(; + sa) 


V being velocity, in feet per second. 





d “* dia. of pipe, in feet. 

H “_ entire head, in feet 

Z * length of pipe, in feet. 

m “ coefficient of flow. 

y “ Hyd. mean rad. q, in feet. 


"4 


cy being ratio of head lost from contrac- 
tion, to head to induce velocity, 


h' 
h 
h “* head to induce velocity. 
h’ “ head lost from contraction of 
stream. 
h” “ head lost from friction in pipe. 
C, “ ratio of area of contraction to 


area of pipe. 
These formulas will first be shown to 
be identical in construction, and founded 
upon the same considerations, viz. : 


Head to induce velocity. 

Head lost from friction. 

Head lost from contraction of stream at 
entrance to pipe. 


Referring to “Young’s Summary of 
Etelwein’s Hydraulics,” better known as 
“Tredgold’s Hydraulics,” page 204 : 


alv’ 
ioe ie 
therefore wv ate a 
al 
2 
also fm —F ; 














HYDRAULIC 


FORMULAS. 





»__ *dh—dv® 
~ abil 

, &dH 

~ abl+d° 

Where /=head lost from friction. 
a=a constant. 

h=total head. 
b=coefficient for determining ve- 

locity from height, 


hence 


or (A) 


d then is ¢,y V/2g in Fanning’s notation ; 


d Ari . 
a= TX s= FF From Fanning, 

2gri 

we take m= = 
v 
4m 
Hence ° a= >— 
2g 


Substituting ¢,*2g for 5’, and — i 


a in (A), also 47 for d and H for Wail 
ce’, 2gX4rH 








then v= ’ 
am. xdel+ér 
2g °° g 
29H $ 
whence v= l 1 ; 
m-+ 4 
r Cy 


which is Fanning’s 12th Equation. This 
readily reduces to the more common 
form, the 11th Equation— 


feet 


In the Etelwein formula, } is taken 6.6; 
and “for the whole velocity due to the 
height, the coefficient by which its square 
root is to be multiplied is 8.0458 ; ” 
= 6.6 . 
~ 8.0458 
ab’ is given from “ Buat’s Experiments ” 
.0211 ;s 


me + (1+ ep) 


then Cy =.82 


anne an SONU. 
6.6 

To compare this with the m of Fan- 

ning’s formula, it must be multiplied by 


29 


whence 


or 16.1. It is then found to be equiv- 


alent to .0075 in that formula. 
The Etelwein formula, with the values 
of a and 0 inserted, is— 





_, 43.6dH 
(sai +d’ 
dH \4 
45.5(-aza) 
and is finally taken at 
dH 
The Hawksley formula, 


) 


or (B) 


dH 
1+ 54d 


)* 
is easily traced back to 
_ 42.76 


V’= 018524¢' 
whence 6=6.54, c, = .815 and 
a=.000433, equivalent to m=.00697. 

The Neville formula is equivalent to 
r2__-018527+d 
~ 42.74dH 


which compares with the last form of the 
Hawksley formula, (C). 

The coefficient, in the equation for re- 
sistance head, is assumed constant in all 
|these formulas, except Fanning’s, where 
|it is variable, and to be assumed, by aid of 
prepared tables. To avoid this necessity, 
Darcy varied the form of the equation, 
and what is known as Darcy’s formula is 
merely a formula for loss of head from 
‘friction alone. In “Proceedings of 
American Society of Civil Engineers,” 
XXXVIL., 1872, the formula appears thus: 
i=.00371 ha 
i=loss of head per foot of pipe, in feet. 

d=dia., in inches. 
| Let v’=2gH’, H’ being the head re- 
‘maining after all losses are deducted : 


V=48.045( 





(C) 





v'=29(H—200371' 2)" ) 
| ¢ 
or, reduced, 
2gHd’ )? 
— (ay 00371(d+1) +d’ 


(See Engineering and Mining Jour- 


nal, Sept. 7, 1878.) 
__H® i+» 
100371(d+1) + @ (1) 


r=} 
29 


This formula is similar in construction 
_to the four compared, except that it has 


Hd’ 
or 
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Darcy’s value for loss of head from fric-}.,__ ri 
tion, and provides for no contraction. ’ ™~ "0009276 +.0002319 
r , 





+ 0233776 °°) 
For contraction=c, ; l 
Or, if v is taken in feet, 





vin2g { H—1.00371 SF) y+ | a 
v= 6 
aay (toro) f=] (sonra Ss 
aserva * > (6) 
=¢, a6 ,*2¢(H- woos, ‘) .0233776 7 f 


which may be compared with the formula 
sz ‘4 2) called Darcy’s, quoted by Fanning, and 
( 


FT ae P a y 
° {00871(a+ 1)2+ - ; given below: 
Cy J 


ri 4 
This is Darcy’s formula adapted to the | v4 oooorae (D) 
r 


or, 








Etelwein construction. | -00007726 + 


| 
If c, be taken at .815 and 2g at 64.4. | 
Hd’ 


—7.00871/d + 1) + .0233776@° 


or introducing 7 in place of d 


The latter may be used in place of the 
|former, when the last term is an insig- 
(3) | nificant addition to the denominator ; 





_ _ 
|this would occur when the ratio = ap- 


l 

| proaches .00001. 

fa em (4) | Psoage is a comparison of the — 
ad . 2¢ of the formulas referred to, as they ap- 

1.0009276 + . + .0233776r pear in Fanning’s Table 63, with ete 

| of (3). 

Pipe, 1 foot diameter; head, 100 feet ; 
‘lengths as below in feet: 





or if 7 is taken=". 




















Lengths, in feet.........000.- | 5 | 50 ~ 100 1600 10,000 
vel. | vel vel. | vel | vel 
RG cceatncsenncwne ncn 67.40 50. ; 48.02 | 15.427 4.985 
Uc saceedernaardsaeaaes 62.54 47.08 | 38.75 | 14.78 4.78 
SER ae | 62.555 | 47.08 | 38.72 | 14.79 4.80 
Co reer 244.12 77.133 | 54.64 | 17.279 5.464 
Ra cceeciciat asa kmaseeiansos 63.46 51.11 | 43.11 | 17.386 5.392 
Darcy’s adapted, formula (3)..| 63.1796 | 49.92 | 41.93 | 16.706 5.44 
Darcy’s adapted, ' (7)..| 64.487 50.558 42.403 | 16.728 5.446 




















HYDRAULIC FORMULAS. 


SuB-HEADS CoMPARED, FANNING. 
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ee Serer 5 50 | 100 1,000 10,000 
| 
Velocities............0:0e0+--/ 68.468 | 51.111 | 43.111 | 17.386 | 5.302 
v2 } 
h Pot nee ncn owteneneconnsias 62.542 | 40.568 | 28.863 4.694 451 
} | 
50550" se ‘ 
Sp i rttseeeesereeees | 31.583 | 20.487 | 14.575 2 370 228 
h =m! a eteiepires | sss | 38.043 | se.s71 | 92.041 | 99.98 
r (2g 
| 
Rinctiimncienridiaen ee 1 ae 61 ae 100.0 | 100.0 
By Formvta (38). 
Lengths in feet. ............. 5 50 100 1,000 10,000 
ids eo kcasces 63.18 49.92 41.93 16.706 5.44 
ad 
=| sacaneneveeqseens 4660002 61.98 38.70 27.30 4.33 .460 
h'= 50555 Ee ee ee 31.34 19.56 13.81 2.19 23 
=1.00371 Noe Be oa 6.68 | 41.74 | 58.99 | 93.48 | 99.31 
Ds tunic buvkdasxeuuoadines 100.0 100.0 100.09 | 100.00 | 100.00 
By Formvta (7) GIVEN BELOW. : 
ee ere 5 10 100 1,000 10,000 
I i i ncscasimcicocariee 64.487 | 50.558 | 42.301 16.728 5.446 
o2 
h MGS hort eeserscemensesene 64.57 39.69 | 27.80 | 4.85 .460 
: 
ie OP * } ~ | 
Wet Mick tvincassnvnrs 32.65 20.07 | 14.05 2.19 23 
29 | | | | 
‘ } | 
3d 
n’=(i- $5) -00871 Vo, se 2.73 | 40.24 | 58.15 | 93.46 99.31 
| | | sie 
Diinitinicetavnciialeestnes | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 
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Etelwein’s (B), Neville’s, and Hawks- 
ley’s are equally consistent in accounting 
for all the head, at the values assumed 
in those formulas for the coefficients of 
contraction and friction. 

Fanning’s coefficient is taken the same 
in determining /” as was assumed in 
finding v: the results would vary a little 
from an exact accounting for the entire 
head, if the tabled value of m was taken, 
for the value of v found. This is not 
important, in the present condition of the 
tabled values. 

Below are given a few values, being 
those most convenient for comparison, of 
coefficients computed from experiments, 
and from the tables, pp. 237-241. 


Exps. - Coeff. By 
by Dia. Vel. by Exp. Table. 
Darcy. .. 1.6427 1.3765 -00629 -00545 
9751 = 10.35 -00600 -00507 
Fanning. 1.667 4 -00525 -00498 
1.667 1.488 -005384 .00512 
1.667 1.935 -00525 -00532 
Couplet. 1.6 3.4779 .00700 -00502 





In the application of any formula to 
short lengths of pipe, / should be taken 


(:— 32) when d is given in inches, or 


(7—3d) when given in feet, as, a length 
of pipe equal to three diameters, is in- 
volved in the coefficient of contraction. 


Formula (2) thus modified, becomes 


d Ha’ ue 
_ (9) wertas l)+e; = %) 


When / is 3 times the diameter of pipe 
the velocity of discharge is known to 
be (c,°2gH)*, to which this formula re- 
duces. 

The velocities and sub-heads by for- 
mula (7), are given in table under that 
by formula (3), for convenient compar- 
ison. 











STANDARD WEIGHTS AND MEASURES. 
By JOHN L. CULLEY, ©. E. 


Tne paper of Mr. Arthur Hamilton-;ment. The foot has become the most 
Smythe, read before the British Institu-| convenient unit of universal use, proved 
tion of Civil Engineers, Jan. 20, 1885, | by the fact that it and its approximates 
is a valuable and interesting contribution | have been used for all time, ancient and 
to our literature. Not less interesting | modern, and that, too, in modern times, 
was the discussion that followed. |in spite of the fact that the yard has been 

We are pleased at the full expression | legalized in all English-speaking coun- 
of individual views there given, though/|tries. Even in France, to-day, the old 
we must confess ourselves at times} French foot is persisted in, and while the 
amused at the quibbles resorted to to; author is technically correct in the next 
sustain the old regime, as, for instance, | paragraph, practically he is not, for the 
the mental arithmetic argument. I am, | foot is our practical standard. 
however, surprised at the author through-| He seems to forget that while machin- 
out his paper stooping to small things| ery is wearing out and becoming obso- 
and making egregious statements to|lete, the manufacturer is all the time re- 
maintain his position. | placing it by new and improved patterns, 

There are certain broad elements con-| but graduated to the same old standard 
nected with the meter that appeal to the| unit. Changes of machine systems are 
intelligence of every land, such, for in-| usually radical and involve great expense. 
stance, as he has expressed in his first) His statement of the process a carpenter 
two paragraphs. But when petty argu-| goes through to calculate the length of a 
ment is used to sustain ones position,|stick of timber with a two-foot rule is 
contempt therefor is begotten. | ridiculous. It is quite evident the author 

His statement that the yard or meter, | never served a carpenter’s apprenticeship. 
on account of being the approximate} One would suppose from his reference to 
human stride, are the natural units of| the fact that the sixteenth of an inch was 
lineal measurement, is an incorrect state-|too large for minute work, that he had 
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never heard of #5”, gy’, z45”, etc. Small | 


as may be the practical importance or 
advantage of these binary subdivisions, 
nothing is to be gained by ignoring their 


existence. The fineness of one-hundredth | 


of a foot to one-hundredth of a meter is 
to the ordinary intellect as three to one, 
yet the author, in his comparison of foot 
and meter leveling rods, would seemingly 
have us infer the reverse. The rule he 
suggests of binary subdivision of the 
hundredths by ocular estimate applies 
with equal force to the foot rod as to the 
metric rod. 

The same criticism applies to his compar- 
ison of the Gunter and the twenty-meter 
chain, wherein he states that the latter is 
capable of subdivision into smaller lineal 
measures. The surveyor, now, if he uses 
such a thing, divides his links into tenths. 
The Gunter chain is fast becoming obso- 
lete, but was in keeping with early survey 
practice of angles read no closer than 
one-fourth of a degree ; of tables of lati- 
tude and departure carried out to three 
decimal places for one-fourth of a degree 
only, and when their best results were 
only bad approximates. But now, with 
instruments reading to twelve seconds, 
with tables of six decimal places for 
every minute, and an improved chain to 
meet these requirements, he who per- 
sists in the use of the old Gunter chain 
has divided the links into tenths, while 
the live engineer uses steel tapes one 
hundred feet long, graduated throughout 
their entire lengths to one-hundredths of 
a foot. The superiority of the English 
one-hundred-foot chain is sustained by 
the friends of the meter, by the trouble 
they have to find arguments to show that 
the meter chain is nearly as good as the 
English chain. A ten-meter chain, while 
of convenient denomination, is too short 
for practical use, and the twenty-meter 
chain, while it approaches a convenient 
length for practical use, is of an incon- 
venient denomination for either use or 
calculation. 

The meter advocates, believing us to 
be in the abandoning mood, since we be- 
lieve in the abandonment of all lineal 
units except the foot, urge us to abandon 
everything, the foot as well as everything 
else, and insist that we should go one 
step further and take to ourselves the 
meter. We would willingly do this if 
convinced of the desirability of the 


change or of the superior claims of the 
meter over the foot. 

There is a decided objection to the 
abandonment of the foot unit. It is the 
most convenient unit for all purposes. 
Its universal use in spite of legal enact- 
ments proves its desirability. It is the 
only unit by which people have, of their 
own accord, expressed all kinds of dimen- 
sions. 

The meter came not from the choice of 
the intelligent masses, but by imperial 
decree, and is both inconvenient and un- 
wieldy. 

The most beautiful theory of the meter 
—the one ten-millionth part of the merid- 
ian quadrant—has long been abandoned 
by its most enthusiastic admirers. This 
like other claims for the meter, is of 
theoretical but not of practical import- 
ance. 

Let National and State legislatures 
legalize the meter as the standard unit 
and it will not receive even the attention 
that the yard thus actually legalized with 
us now gets. 

Amongst the numerous standards in 
use with us, there are several that for 
years and years have been in constant 
use giving rise to confusion, complica- 
tions, distress, and loss of time. Many 
of them are complex and are objection- 
able both for measurement, calculation, 
and an intelligent understanding. For 
these and other good reasons, it is de- 
sirable to simplify and reduce these stand- 
ards toa single unit. The best system 
of lineal measurements is of the simplest 
notation and of the most convenient 
standard. 

The simplest notation is the decimal 
system, and the foot, as above stated, is 
the most convenient standard. 

It is much easier to adopt the unit of 
most general use than one entirely for- 
eign to our shores. This is the reason, 
as intimated by Hamilton-Smythe, that 
the public in all English-speaking coun- 
tries are perfectly indifferent to the in- 
troduction of the meter—they have no 
hankering for it. 

I am in favor of all wholesome reform 
that will improve our practice, and will 
gladly hail the introduction of the meter 
when convinced of its superior claims 
over the foot, or, of the desirability or 
utility of such a change. While open to 
such convictions I have yet to find good 
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and valid reasons for discarding the foot | 


for the meter. 
the intelligent masses. 
difference to the meter introduction. 

A reform movement started many 
years ago. The railroad engineers, need- 
ing something better than the Gunter 
chain, introduced the one-hundred-foot 
chain of one hundred one-foot links, and 
from this has been developed the present 
perfected one-hundred-foot steel tape 
with its fine sabdivisions. For many 
years the new one-hundred-link chain 
was used exclusively by the railroad men, 
but gradually it has worked its way into 
the hands of a large body of engineers 
outside of the railroad fraternity, just as 
the steel tape, first’ used outside, has 


This opinion holds with 


come to be that by which railroads are | 


now measured. Now all large cities, the 
majority of the smaller ones, and other 


corporations are measured by the steel | 


decimal one-foot tape. Even the land 
surveyors are beginning to return farm 
surveys and subdivisions in feet decimals, 
and people cease to marvel that our one- 
tenths are larger than their one-twelfths, 


or, as they express it, “ Why are your} 


inches larger than ours?” The Pennsyl- 
vania Railroad Co. designate their sta- 
tions by the decimal division they are 
between mile-posts, and people have no 
difficulty in understanding their signifi- 
cance. 

It might be noted that at the 1885 
Convention of Ohio Surveyors and Civil 
Engineers, at Columbus, the majority of 
members used the old chain. The fact 
is, however, all the live, wide-awake men, 
are using the steel decimal-foot tape. 
The great work thus inaugurated has 
only made a beginning, yet I predict that 
fifty years hence the old chain will have 
become a matter of tradition, and many 
another thing, now tolerated, will have 
passed away. This, like all other re- 
forms, requires patience, constancy, and 
the lapse of time before meeting full and 
complete success. There are many 
things to be changed, altered, and given 
up, nor do we expect all these things to 
be done at once. An old dog, says the 
proverb, slowly learns a new lesson. 
People have their prejudices to over- 
come, and the ignorant must be educated. ; 


Hence their in- | 


mally rather than duodecimally. We are 
beginning to hear of such plan scales as 
these: 4 feet to one-tenth; 500 feet to 
one-tenth, etc., in place of the old 4 feet 
to 1 inch, 14 feet to 1 inch, ete. 

The advantages of binary subdivisions 
are more imaginary than real. The ad- 
vocates of duodecimals have attached 
undue importance to them. They are 
the most common inch divisions used, 
and as such are very useful, but they 
have nothing to do with tenths. The 
trouble is, one system is applied to the 
other, binary to tenth, and vice-versa. 
3 of #5, or the reverse, is an awkward 
expression. The engineer, in actual 
practice, has no more need of binary sub- 
division than the carpenter with his inch 
has of tenths. However, if decimals 
were universally used, there would be 
but little use for binary subdivisions. 

Thus it will appear, while the foot has 
year by year a greater and greater tenac- 
ity with us, the task of introducing the 
meter becomes each year more hopeless. 
Because of the want of qualities to rec- 
ommend it, I am satisfied that the meter 
will never come to us. So much for 
lineal measurements, which are gradually 
but surely working out a final system. So 
will the weights eventually be overhauled. 
The advantages of interchangeable weight 
and measure systems—the great claim 
of the metric system—are only fanciful. 
What profit is it that the cube of a certain 
unit, or of a certain decimal part of such 
unit of water, at a certain temperature, 
exactly equals an even number of weight 
units? Nothing! Our own weight sys- 


| tem might be decimal, whose unit was a 


hundredth part of a cubic foot of water. 
This unit we might call a pound or any 
other convenient name. One-tenth of 
this unit might be called an ounce, which 
would be almost identical with our pres- 
ent avoirdupois ounce. Some such dec- 
imal weight system, it is to be hoped, 
will eventually supersede our present 
complicated, clumsy weight systems. 
Still, I contend that so long as the rela- 
tions of the two systems are known, it 
matters little whether a cubic unit of 
water, at a given temperature, exactly 
| equals an even number of weight units 
or not. So long as the temperature is 


Still, much has been accomplished, thus | constant the relation exists, but the mo- 
giving cause for congratulation. Already | 
draughtsmen express their plans deci-| 


ment it is not, the balance is lost. Even 
\if the temperature remains always con- 
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stant, the exact relation of weights and 
measures is then true only for water. 
Then as the specific gravity of any 
substance is never an even number, an 
elaborate calculation, or a resort to the 
tables is always necessary to determine 
the weight of a given bulk, be the sys- 
tems interchangeable or not. What we 
need is a decimal weight system, founded 
upon a good and convenient unit—good 
and convenient because thoroughly 
adapted to the wants of trade and com- 
merce, and to the expression of large as 


well as small quantities, and not because 
founded on a mere fanciful relation to 
the standard lineal unit. There is no 
objection to having denominations in any 
system. It is, in fact, a practical con- 
venience to have them. In our American 
decimal money system, the nickel, dime, 
eagle, etc., are desirable denominations. 
But it is very important for the simplifi- 
cation of their use, that a]l denomina- 
tions in any system, money, weights, or 
measures, should be derived decimally 
from the unit of its system. 








CREOSOTE. 


Abstract of a Report of Dr. C. MEYMOTT TIDY, M. B., F.C.S., to the Directors of the Gas Light and 
Coke Company. 


From the Papers of the Institution of Civil Engineers. 


Ler me define, first of all, exactly what 
I understand by the word “creosote.” 
This is important, seeing that it does 
not imply a compound of fixed chemical 
composition. It is, in fact, a composite 
liquid, made up of a variety of chemical 
bodies in different proportions, the qual- 
ity depending (first) on the kind of coal 
from which the coal tar is obtained, and 
(secondly) on the details of the distilla- 
tion and treatment. 

Broadly speaking, I mean by the word 
creosote a product of the distillation of 
coal tar after it has reached a tempera- 
ture of about 300° Fahrenheit ; in other 
words, after what is known as the light 
oil has distilled over. 

It may be taken that about one-third 
the bulk of the tar consists of the “cre- 
osote” or “ heavy oil” employed in creo- 
soting timber. 

The process of creosoting is effected 
by placing well-weathered wood in a ves- 
sel so constructed that a more or less 
perfect vacuum may be obtained. The 
creosote, heated to a temperature of 
from 100° to 120° Fahrenheit, is allowed | 


| Ist. A physical action. A very great- 
ly increased solidity is effected by chok- 
|ing up the pores, thus agglutinating the 
‘whole mass of the wood into a more or 
less solid block. Apart from its render- 
ing the wood more solid, this physical ac- 
tion is important in preventing the sub- 
sequent absorption of moisture. 
2d. A physiological action. The smell 
|of the creosote imparted to the wood 
prevents germinal life, well known to be 
destructive to timber, from being devel- 
oped within it. Seeing that the preserva- 
‘tion of timber has been effected by such 
materials as chloride of zinc, sulphate of 
| copper, &c., with greater or less success, 
‘and that the action of these bodies must 
be mainly, although I admit not entirely, 
dependent on their toxic properties, this 
physiological action is one of importance. 
It must be remembered, moreover, that 
creosote has the advantage of a well- 
|marked smell, which odor most of the 
lower animals dislike. In this respect 
/it is superior to the other bodies I have 
| named. 
Further, it is worth pointing out that 





to pass into the exhausted reservoir, and all the constituents of the coal tar, and 
thus finds its way into the pores of the|not the tar acids only, have a more or 
wood, less well-marked tarry odor. 


The advantages to be derived from the| 3d. A chemical action. Respecting 


process are, I consider, of a threefold | the chemical action I would draw atten- 
nature, and I give them in what appears | tion to the fact that tar acids are not on- 
to me to be the order of their import-/ly antiseptic, but that they possess the 
| power of coagulating albumen. 


ance: It is to 
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this latter action that I shall have to re- 
fer Jater on in this report, as playing an 
important part, in my opinion, in the| 
preservation of the timber. 

Having now dealt with what I con- 
ceive to be the details involved in the 
process of creosoting, the two following 
questions arise (lst) Upon what constit- | 
uents of the creosote does its value spe- | 
cially depend, and what are the relative 
values of its different constituents? 
(2d) If there be constituents in the cre- 
osote, which, of themselves, possess no | 
special value, do they in any respect les- 
sen the activity of the valuable constitu- 
ents? 

‘The importance of considering the pre- 
cise value of the sevéral constituents of 
creosote, arises as follows: 

Speaking generally, creosote may be| 
divided into two classes—London and 
country creosotes. By London creosote | 
we mean the creosote derived from the 
tars of the London gas works, the east- | 
coast generally, and from the gas works 
of towns such as Southampton, Brigh- 
ton, &c., where the coal employed is New- 
castle coal. So far as I am able to learn, 
the larger proportion of the creosote | 
produced in England is of this charac- | 
ter. The two creosotes, however, being | 
very different in their composition, it be- 
comes important to consider them sep- | 
arately. 

The London creosote has a somewhat 
high specific gravity, and contains a com- 
paratively large percentage of naphtha- 
line, and a small percentage (i. e., less | 
than 10 per cent.) of tar acids. Fur- 
ther, it contains a considerable quantity 
of the heavier portions of the oil, that is, 
of those portions not volatile at a tem- | 
perature below 600° Fahrenheit. 

The country creosote, on the other 
hand, has a less specific gravity, and is 
considerably more fluid than London | 
creosote. It contains considerably less 
naphthaline than the London creosote, | 
a larger total percentage of tar acids, | 
and a smaller percentage of the heavier 
portions of the oil present. 

The real question I have had in view 
in this inquiry being country creosotes 
v. London creosotes, it became necessary | 
to inquire the relative values of the 
heavier portions of the oil, of the naph- 
thaline and of the tar acids, in creosot- 
ing. In view of making what I have to 


are otherwise entirely valueless. 


say clear, I may venture to place before 
you what I conceive to take place in the 
operation of creosoting. 

The creosote, having been sufficiently 
heated to bring the whole of the sus- 
pended constituents into a_ perfectly 


| liquid condition, is driven into the wood, 


from which the air has been more or less 
completely exhausted. The tar acids, in 


the first instance, effect the coagulation 


of the albumen of the wood sap. This 
coagulated albumen mixes with the naph- 
thaline of the creosote, which, so soon 
as the temperature becomes sufficiently 
reduced, is re-deposited, and forms, along 
with the heavier portions of the oil, a 
solid magma within the pores and fibers 
of the wood. That this formation of a 


|solid magma actually occurs, I have con- 


vinced myself by numerous microscopic 
examinations of creosoted timbers. 


Tar Acrps. 


The success of the process, therefore, 
being presumably assisted by the coagu- 
lation of the albumen, the question arises, 
What quantity of tar acids is necessary 
to effect this object? 

To determine this point I have made a 
variety of experiments. 

There is very little doubt in my mind, 
supposing that 10 lbs. of creosote per 
square foot be injected into the wood, 
and that the timber be of the kind ordi- 
narily used (although, in this respect, 
different kinds of wood do not differ so 
much as might be supposed), that 2, or 
from that to 3, per cent. of tar acids 
would amply suffice to effect this coagu- 
lation of the sap albumen. 

We are now led to consider if any 
value, and if any, what value, is to be 
ascribed to the tar acids beyond that 
needed to effect the coagulation of the 
albumen. 

Iam far from prepared to say they 
Still, it 
is a remarkable fact I have over and over 
again verified, that in the timbers that 
have been creosoted for a considerable 


| time (say a year) very small quantities in- 


deed (if any) of free tar acids are to be 
found. 

I have, upon this point, instituted a 
series of examinations of sleepers ob- 
tained from independent sources, and of 
ages varying from one to twenty years, 
and it is a fact worth noting that, within 
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a very short time after a sleeper has been 
in use, the tar acids appear te be entirely 
dissipated. 

Seeing, however, that the life of a 
sleeper is by no means so limited, the 
facts I have mentioned suffice to show 


that the action of the tar acids per se) 


cannot have any very great or perma- 
nently preservative influence in creosot- 
ing. 

I admit it was natural to suppose that 


bodies, commonly regarded as powerfully | 


antiseptic, should have been the active 
agent in the process. 


menced this inquiry. My recent investi- 
gations, however, have clearly shown that 
the value of the tar acids in the creosot- 


ing process has been greatly over-esti- | 


mated. 

Iam convinced that so long as the 
quantity of carbolic acid present in the 
creosote, is sufficient to coagulate the al- 
bumen of the wood sap, that that, for 
practical purposes, is sufficient. 


NAPHTHALINE. 


I have now to consider the value of the 
naphthaline. 


Iam disposed to think that this body | 
is of infinitely greater value than at first | 


sight appears. Admitting that, as an 


antiseptic, it is inferior to the tar acids, | p 


nevertheless, so far as preservative action 
alone is concerned, it must not be sup- 
posed to be inoperative. Its special 
value, however, consists in helping to 
render the wood solid. 

But, it may be said, granting this to be 
the case, naphthaline is so volatile that 
the heat of the sun, especially the intense 


heat of an Indian climate, would soon | 


drive the whole of it off. It is true that, 


on exposing a block of creosoted timber | 
in an oven to a temperature of 54.5° | 


Centigrade (130° Fahrenheit), and this 
may be taken to be an extreme tropical 
heat, the door of the oven, after a short 


time, shows conclusively that some of, 


the naphthaline in the sleeper has under- 
gone volatilization by the heat applied. 

I would, however, direct attention to 
the following experiment: 

I exposed a large block of creosoted 
timber (accurately weighed) to a temper- 
ature of 65.5° Centigrade (150° Fahren- 
heit). On weighing this at the end of 


24 hours, I found it to have lost 1,200 


Further, I must | 
admit that it was with such view I com.- | 


‘grains. On exposing the same block to 
the same temperature for another 24 
hours, it lost 135 grains, whilst on con- 
tinuing the exposure for a third 24 hours, 
it lost only 15 grains. After this the loss 
| was practically nil. 

I now planed off about } inch of the 
block I had already heated. This done, 
I again exposed it to a heat of 55.5° 
| Centigrade (130° Fahrenheit) for 24 
hours, during which time it lost 1,150 
grains. The loss on the second day was 
less than 100 grains, whilst on succeed- 
ing days the loss was practically nil. 

The surface of the wood was again 
| planed off, and similar experiments re- 
| peated a third time with almost identi- 
ical results. 

From numerous microscopical examin- 
ations of the timber, and from the ex- 
periments I have described, I consider 
that I am justified in drawing the follow- 
ing conclusions re naphthaline : 

1st. That supposing, for the sake of ar- 
gument, naphthaline, possesses no great 
antiseptic power, nevertheless, it acts 
beneficially by clogging up the pores of 
the wood, forming a more or less solid 
magma with the coagulated albumen. In 
this way it assists the physical part of 
the creosoting process, upon which the 
preservation of the timber materially de- 
ends. 

2d. That although a certain quantity 
of naphthaline would undoubtedly be 
volatilized by a tropical heat, nevertheless 
that the loss would practically be limited 
to the surface of the timber, and would 
be complete a day or two after expos- 
ure, the naphthaline in the deeper parts 
of the wood remaining fixed by incorpor- 
ation with the albumen coagulated by the 
action of the tar acids. 

3d. That inasmuch as the naphthaline 
cannot injure the action of the tar acids, 
or other constituents of the creosote, 
and is itself a positive benefit to the 
process, there is not only no object in 
requiring that the oil used for creosot- 
‘ing should be free from naphthaline, but 
that it would be unadvisable to demand 
such freedom. 

There are many other facts that, in my 
| judgment, corroborate the views I have 
|expressed. Thus, I am given to under- 
|stand that, during the twelve years after 
the process of creosoting was first in- 
|'troduced into India, the whole of the 


| 
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sleepers were prepared with heavy Lon- 
don creosote (that is, a creosote highly 
charged with naphthaline), with the occa- 
sional admixture of a small quantity of 
country oil for the purpose of dilution. 

It is perfectly certain, further, that it 
was on account of the good results ob- 
tained that creosoting became a process 
of acknowledged utility. 

So far as I can learn, it was not until 
the country oils became more extensively 
used, that any complaints respecting the 
inefficiency of the process arose. From 


independent inquiries, I think there is | 


the strongest possible reason to believe 
that the sleepers that proved unsatisfac- 
tory, had been prepared with country, 
and not with London ‘oil. 


Heavy OIts. 


Nothing has impressed me more strong- 
ly in the course of these inquiries than the 
value of the heavy oils present in the 
creosote, that is, of the oils that do not 
distil over under 600° Fahrenheit. Of a 
certain antiseptic power, and very diffi- 
cult of volatilization, they are, I believe, 
bodies of great value in the oil employed 
in the creosoting process. 

I have carefully examined numerous 
samples of the creosote supplied by your 
Company, and I give herewith the analy- 
sis of eighteen samples. (Analysis omit- 
ted.) 

After a very careful consideration of 
the conditions necessary to insure the 
successful creosoting of timber, it appears 
to me that the following points need 
special attention :— 

1. That the timber should be well 
dried, so that the pores of the wood may 
be completely pervious. 

2. That the creosote should be of a 
heavy, rather than of a light description, 
z. €., that it should contain oils which are 
given off at high temperatures, together 
with other matters that become solid 
within the timber after the creosote has 


been allowed to cool to a normal temper- | 


ature. 


3. That as much creosote should be) 


put into the timber, as the timber can 
possibly be made to absorb. 

Taking into consideration the whole 
body of the evidence now before me, and 
which I have submitted to you in this re- 
port in part only, 1 am of opinion that 


no oil could be better suited than your | 


own for the purpose of creosoting tim- 
ber, and I would suggest the following 
as a specification for creosote that would, 
in my judgment, insure to engineers and 
others interested in the process, the best 
possible results :— 

1. That the creosote should be com- 
pletely liquid at a temperature of 100° 
Fahrenheit, no deposit afterwards taking 
place until the oil registers a temperature 
of 93° Fahrenheit. 

2. That the creosote shall contain at 
least twenty-five per cent. of constituents 
that do not distil over at a temperature 
of 600° Fahrenheit. 

3. That, tested by the process here- 
after to be described, the creosote shall 
yield a total of 8 per cent. of tar acids. 

There are certain details connected 
with this specification to which I desire 
to draw attention. 

1. The omission of any clause specify- 
ing the specific gravity of the creosote to 
be used. I have done this advisedly, 
because of the extreme difficulty in taking 
the gravity of creosote at normal temper- 
atures with the 1,000 grain bottle, and 
the practical uselessness in my judgment 
of employing a hydrometer for the pur- 
pose. If it be considered necessary to 
introduce a specific gravity clause, I 
would suggest that the gravity be be- 
tween 1,040 and 1,065, water being 1,000. 
I am of opinion, however, that for practi- 
cal purposes a specific gravity clause is 
altogether unnecessary. 

2. Believing strongly as I do in the 
value of those constituents of the oil that 
are the most difficult to volatilize, I have 
deemed it right to suggest a clause to 
the effect that the creosote shall contain 
at least 25 per cent, of matters that dis- 
til over above 600° Fahrenheit. 

3. I have made a large number of ex- 
periments as to the best method by 
which the estimation of the tar acids may 
be determined. 

I note— 

(a) That very slight differences in the 
strength of the solutions used, and in 
methods of manipulation, considerably 
influence the results obtained. I there- 
fore deem it necessary that as a part of 
the specification, the process to be em- 


| ployed for estimating the acids should be 


exactly stated. 
(6) I have failed to discover any easy 
method of separating the carbolic from 
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the other tar acids. I have tried for this 
purpose numerous experiments, but with 
such unsatisfactory results, that I have 
decided to recommend that the total 
quantity of tar acids only should be 
stated. Further, the fact that as pre- 
servatives one kind of tar acid is, so far 
as we know, as good as any other, ren- 
ders a further separation of the acids in 
my judgment unnecessary. My analysis 
of samples will show that in fixing not 
less than 8 per cent. of total tar acids, 
we obtain a fair index of the purity and 
genuineness of the creosote. 

Dr. Tipy’s SpeciFIcaATION FOR CREOSOTE. 


1. That the creosote shall be com- 
pletely liquid at a temperature of 100° 
Fahrenheit, no deposit afterwards taking 
place until the oil registers a temperature 
of 93° Fahrenheit. 

2. That the creosote shall contain at 
least 25 per cent. of constituents that do 
not distil over a temperature of 600° 
Fahrenheit. 

3. That, tested by the process here- 


after to be described, the creosote shall | 


yield a total of 8 per cent. of tar acids. 


Process To BE ADOPTED FOR DETERMINING 
THE Coat Tar AcIps. 

1. 100 c. c. of the well mixed creosote 
is to be distilled at a temperature of 600° 
Fahrenheit until no further distillate 
comes over. The distillate so obtained, 
is to be mixed and well shaken in a stop- 
pered flask with 30 ¢. c. of a solution of 
caustic soda, having a specific gravity of 
1,200, water being 1,000. The mixture 
is then to be heated. This done, the 
stopper is to be replaced in the flask, and 
the hot mixture again shaken vigorously 
for at least a minute. 

The contents of the flask are now to 
be poured into a separating funnel and 
the soda solution drawn off. The creo- 
sote is to be heated a second and a third 
time in a similar manner with the caustic 
soda solution, except that only 20 c. c. of 
the soda solution shall be used for the 
second and third extractions, instead of 
30 c. c., as in the first extraction. 


2. The three soda solutions are now to | 


be mixed together. When cold any par- 
ticles of creosote are to be got rid of by | 
means of a separating funnel. This ; 


| system. 





mixture is then to be allowed to cool. 
When cold, dilute sulphuric acid (1 of 
acid to 3 of water) is to be added (about 
35 ¢c. c. will be required) until the solution 
becomes slightly acid to litmus. 

The whole is then to be poured into a 
separating funnel, and allowed to stand 
until perfectly cold, and the tar acids 
well separated. 

3. The tar acids are now to be dis- 
solved in 20 c. c. of the caustic soda 
solution (specific gravity, 1,200), and 10 
ce. c. of water. The mixture is then to 


be boiled and filtered through a funnel 


fitted with a plug of asbestos. The as- 
bestos plug is to be washed with not 
more than 5 c. c. of boiling water. The 
solution is to be allowed to cool perfectly 
ina 100 c. c. measure. It is then to be 
rendered slightly acid with dilute sul- 
phurie acid (1 to 3), (10 ¢. e. will prob- 
ably be found sufficient for this purpose). 

The whole is again allowed to stand 


Jor two hours until perfectly cold, when 


the percentage of the tar acids is to be 
read off. 


Process To BE ADOPTED IN EsTIMATING 
THE QuantiITy OF DISTILLATE. 

The operation is to be conducted in a 
retort (fitted with a thermometer) im- 
mersed in an oil or hot air bath. The 
heat at first is to be low, and the temper- 
ature gradually raised to 600° Fahren- 
heit, and continued until no further mat- 
ters distil over. 

——— ooo - 


Fifty years ago the construction of the 
first French railway—that from Paris to 
St. Germain—was officially sanctioned. 
The late Emile Peveire undertook to 


|make this line of 18 kilometers at_ his 


own cost and risk. The requisite capi- 
tal of 6,000,000 francs was not easy to 
raise, but the difficulties were surmount- 
ed when Pereire won over the Roths- 
childs and Sampson Davillers. The line 
was opened the 27th of August, 1837, 
and became the nucleus of the western 
France has now 31,000 kilo- 
meters of railways, conveying 180,000,000 
passengers a year, and the gross receipts 
are 1,150,000,000 francs. Two hundred 
and twenty-three thousand persons are 


done, the solution is to be thoroughly | | employed on these railways, and the state 
boiled in order to expel the last traces of | 
creosote present in the solution. 


derives a revenue of 83,000,000 francs 


The | from them. 
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THE WATT AND HORSE-POWER. 
PREECE. 


From “ The Engineer.” 


By W. H. 


Tue most useful practical unit in use, 


among electricians that has been derived 
from the CGS system of absolute meas- 
urement is probably the Watt, or the 
rate of doing work when acurrent of one 
ampere is maintained through a resistance 
of one ohm. The work done by an elec- 
tric current is thus brought into intimate 
relation with all other kinds of work. 
The common gravitation unit rate of 
working is the horse-power, which is 550 
foot-pounds per second. The absolute 
CGS unit is the erg per second, or the 
work done in one second in overcoming 
a force of one dyne through a distance of 
one centimeter. In any electrical meas- 
urement the electromotive force E in 
volts multiplied by the current C in 
amperes gives a product EC equivalent 
to so many 10’ ergs per second, which is 
the Watt. There are 746 watts in a 
horse-power, and hence EC is reduced to 
horse-power when it is divided by 746. | 
The rate at which electrical energy is de- 

veloped or expended in any part of any 

circuit is given in watts when we multiply 

the number of volts by the number of 
amperes. Strange mistakes are made in 

confusing the unit of power with the unit 

of work. No less an authority than 

Professor Adams, F. R. S., in his inaugu- 

ral address as President of the Tele- 

graph Engineers and Electricians, spoke 

of the watt as the unit of work, and gave 

its value in kilogrammeters as kilogram- 

meters= watts X.10192. It is evident; 
that as the watt is the unit of power, it) 
is equal to .10192 kilogrammeter per sec- | 
ond, or, in other words, work done at 
the rate of a kilogrammeter per second 
=9.81 watts=g watts. 

The horse-power as a unit has all the 
defects of an arbitrary unscientific stand- 
ard. It involves the use of coefficients, | 
and it is not connected directly with the 
absolute system of measurement. It 
differs in different parts of the world, and 
its name is misleading. It could be 
changed both in value and name without | 





any inconvenience except to those who 
are familiar with the existing coefficients 
and formule. If its value were raised 
34 per cent. it would become the kilowatt, 


and be connected directly with the CGS 


system. It would thus become scientific, 
and diminish the use of coefficients. 


‘Even the present name could be retained 


and its value altered from 746 to 1,000 
watts, or from 33,000 foot-pounds to 
44,233 foot-pounds per minute, without 
any serious inconvenience. Existing 
numbers expressing horse-power would 
simply have to be multiplied by .746 to 
bring them to the value of the new unit, 
or numbers on the uew unit would have 
to be multiplied by 1.34 to express their 
value in the old system. 

I cannot help thinking that the good 
work of the British Association Com- 
mittee will not be complete until the 
CGS system is authoritatively applied to 
work and power. The following table 
brings together nearly, if not all, the 
units in common use : 


Horse-power 33,000 foot-pounds per min. 
™ 550 foot-pounds per sec. 
746 x 107 ergs per sec. 
7,460 megergs per sec. 
75.9 kilogram’rs per sec. 
1.01385 force de cheval. 
746 watts. 
75 kilogram’rs per sec. 
542.48 foot-pounds. 
0.9863 horse-power. 


| 


6 
‘é 
“ec 
“cc 


“c 


Force de cheval 
oc 


Peden 


= 736 watts. 
Watt .0013405 horse-power. 
= 107 ergs. 
oa 10 megergs. 
ie 1 .. : 
= — kilogram’rs per sec. 
sa =  .1029 kilogram’rs per sec. 
B. of T. unit = 1,000 watts per hour. 
|C.G.S. unit = erg per second. 
Megerg = 10° ergs per second. 
Watt = 107 ergs per second. 


According to Professor Dewar, a stand- 


ard sperm candle develops 240,000 foot- 


pounds per hour, or 4,000 foot-pounds 
per minute. Now, since a watt is equiv- 
alent to 44.2 foot-pounds per minute, it 
follows that a standard candle develops 
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90 watts per minute. Again, according 
to the same authority, 5 cubic feet of 
coal gas in London develops 2,500,000 
foot-pounds per hour, or 41,666 foot- 
pounds per minute, or 2,976 foot-pounds 
per candle per minute, which is equiv- 
alent to 67 watts per minute. A good 
glow lamp absorbs 2.5 watts per candle 
per minute. Hence a glow lamp has an 
economy in energy of about 1, of a gas- 





light and J, of a standard sperm candle. 

A man working very hard expends about 

100 watts per minute; hence, if a man- 

power is equal to, say, 1 standard candle, 

it is equal to 1.34 gas candles and to 36° 
electric candles! What a field for econ- 

omy in lighting, and how essential it is 

that gas should be applied to the pro- 

duction of power rather than to the pro- 

duction of light. 





TESTS OF BITUMINOUS COALS FOR STEAM MAKING. 


By JOHN W. HILL, M. E. 


During March of the present vear, the | 
writer, under direction of the Cincinnati | 
Jater Department, conducted a series 


ferent brands, under similar conditions 
of use. 
Each kind of coal was burned continu- 





of tests of several of the best known!ously under the boilers for forty-eight 
brands of bituminous coal, in the Cincin- | hours, the firemen changing watch every 
nati market. The results of which, in| six hours. 
view of the large quantities of coal! In order that the conditions might be 
burned in each trial, and of the unusual | as nearly alike as possible for the several 
length of trial and number of observa-| kinds of coal, the same boilers, supplying 
tions, are calculated to be of value to en-| steam to the same engines, at same press- 
gineers interested in steam making or! ures, and nearly similar temperatures of 
boiler performance, who may have occa-| feed water, and the same firemen were 
sion to employ the same or equivalent | used. 
kinds of coal. Battery of boilers No. 9 were selected 
The purpose of the tests was to estab-|for the tests; these consist of four re- 
lish a standard of comparison for the de-| turn-flue boilers of the following dimen- 
termination of the relative money value sions: 
to the Water Department of such coals 


: : gh eg | arererre rer rere t 26.66 ft 
as were, or might be in the future, avail-| Diameter ,,  ........0-.e0.00-+-+-0275 in. 


able in large quantities at moderate cost | Flues (each boiler), 211, 211.75, 115.5 in. 


for steam purposes. diam. ; 
; R . Le  eerer 4-ft. bars, width of grate 19.5 ft. 
Four k inds of the best known and | Heating surface (4 boilers)........ 2230. sq. ft. 
most available coals were tried in the fol-| Grate © « ~ steals eter athe 78. sq. ft. 
lowing order: Pittsburgh (Youghio-/ Chimney (sheet-iron)..... diameter 5. ft. 
gheny) No. 2, lump, furnished by W. H.|  “ _ height from grate........ 91.5 ft. 
Brown’s Sons, Cincinnati, O.; Kanawha | Cross section of flues............. 16.544 sq. ft. 
we ein 7 eee 1 “ ‘* chimney......... 19.635 sq. ft. 
“'Winifrede” mines, lump, furnished Y | Ratio heating to grate surface.... 28.59 
East End Coal Elevator Co., Cincinnati, | Ratio grate surface to cross sec- 
O. ; Kanawha “ Campbell’s Creek ” mines, | tion of chimney.......... . 8.9725 
lump, furnished by the Campbell's Creek | Ratio grate surface to cross sec- _ 
Coal Elevator Co., Cincinnati; “Peach | p..ince ‘ton puke to boiler... . front, 22. in. 
Orchard” (Kentucky) mines, lump, fur- | “a “ 4“ back, 28. in. 
nished by Daniel Stone & Co., Cincin- | Distance from floor to top of up- cae 
nati. | tak... sees eecseneee vee 5 ft. 
Each of these coals were furnished by | — from grate to floor of ash fais 


the dealers from their local stocks, with- 

out previous intimation that it was 

wanted for test purposes, and the sev-| 

eral results may be accepted as fair aver- 

ages for ordinary market coal of the dif- 
Vou. XXXIII.—No 6.—35 


The bridge wall of these boilers is 
built close up under the shells, with an 
opening (one under each boiler) through 
it, 26 in. wide by 26 in. high, with an 
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arched top. The length of this opening,| from the ash pits and dumped into the 
or passage for the products of combus-! gallery under the boiler-room floor. 

tion, through the bridge wall is 5.5 feet; The coal burned by each fireman dur- 
at the grate level, and 3.5 feet under the ing his watch of six hours, was separately 
arched top. ‘This perforated bridge wall |charged up to the boilers under the title 
was introduced by a former engineer of! of the fireman on duty. 

the works as a means of preventing! During the tests of coal, the usual 
smoke with soft coal, for which purpose | method of changing the firemen, cleaning 
it is an admirable failure. |the fires and ashpits, and charging the 

Omitting the peculiar construction of| coal to the watch was observed, and in 
the bridge wall, which, in the judgment | addition thereto the ash, clinker ‘and un- 
of the writer, was not calculated to im-| burnt coal were weighed up after the 
prove the economy of the setting, there | firemen were changed at the end of a 
was nothing in the furnace or boilers | watch. 
calculated to vary the economy of per-| The water supplied to the boilers was 
formance from that of the usual return-| drawn from the maininto a tight tank of 
flue boiler with the same quality of/about sixty (60) cubic feet capacity, 
fuel.* 'mounted upon a Howe dormant scale, in 

The tests were made, however, for| which it was weighed in net charges of 
purposes of comparison, and not for ab-| (nominally) 3,200, pounds each, and dis- 
solute values of the coals burned, and, as | charged into a second tank of about fifty- 
previously stated, the conditions for the | four and one-half (544) cubic feet capac- 
several coals were as nearly the same as ity, from which it was drawn by the 
it was possible to obtain. | boiler feed pump. The suction pipe of 

The steam from the boilers was con-| the boiler feed pump connected with the 
sumed by engines No. 7 or 8, or by both of second water-tank and the discharge 
them, as they were run during the trials.| pipe of the boiler feed pump, through 

The coal fired was. weighed into the} the feed-water heater, and thence to the 
boiler-room in charges or barrow-loads | boilers, were known to be tight, and all 
of 300 pounds, and checked by the regu- | connections with these pipes were either 
lar coal-weigher and by an assistant ap-| closed by tight valves or cut off entirely 
pointed for the purpose of the trials. | during the trial, to prevent any water 

The boilers, according to the condition | going to the boilers or pump, save that 
of the feed-water used, are usually oper-| weighed from the mains, and similarly, 
ated without stoppage or banking of| to prevent any of the weighed water be- 
fires for two or three weeks, night and/ing diverted in transit to the boilers. 
day continuously, and had been in ser-|The scale for weighing the water was 
vice for several days previous to the/ new and very sensitive to slight changes 
tests. | of weight. 

At the end of each regular watch of| Hourly tests for the quality of steam 
six hours, or at 6 a.m., 12 m., 6 p. m.| were made during the trials. The Howe 
and 12 midnight, the fires were cleaned | platform scale used for weighing the 
jointly by the fireman going off watch| water and condensation, was new and 
and the fireman coming on; and the ash, | extremely sensitive to change of load and 
clinker, and unburnt “coal were drawn | graduated to weigh to eighths of a 
|pound. The thermometer used for cal- 
a a ee ‘orimeter purposes was graduated to sin- 
of same Sauntah patees, eomtateton ® boilers 28 feet | gle degrees, with large divisions of the 
long by 72 inches diameter, with 89-inch flues each, | scale, and could easily be read to fifths 
aggregating 4,346 square feet heating surface, an nd | ? 

133.76 square feet grate surface, which, with Pitts- | of a degree. 

pang Second, Pool stick, coal gave an evaporation | ‘The average initial and final readings 
._ = yeoepenpees |of this thermometer for each trial, were 
of investigation, in 1879, tested a battery of return: | corrected to agree with the correspond- 
flue boilers, at Hunt Street Pumping Station, Cincin- | ing readings of a Green U. S. Signal 
nati, containing 2 boilers, each 24 feet long by 48 

inches diameter, with 2 10-inch and 4 8-inch flues | Service thermometer, to obtain the true 


each, aggregating 1082. 98 uare feet of heating — | 
face and 19.04 square feet of grate surface, with Pitt observed temperatures. 





burg Second Pool picked coal, giving an emanate | Readings of steam-gauge were taken 


from and at 212 F. of 10.627 ds of st 
of coal. ? pounds of steam per pound | »eoularly every fifteen minutes. 
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Readings of water level in the boilers, | thermometers, and then by pyrometer, 
temperatures of feed-water to boilers, air | but owing to an occasional temperature 
in boiler room and external atmosphere beyond the range of these instruments, a 
were taken regularly every half-hour dur-| connected record could not be obtained, 


ing the trials. 
The barometer was read hourly. 


| and occasional tests were made with rods 
The | of iron inserted at the base of chimney, 


temperature of water in the weighing| with the results given in the table of 
tank was read for each tank charged to | data from trial of Winifrede coal. 


the boilers. 


In the following tables are given the 


Attempts were made to take the tem-| general observed and calculated data for 
perature of the waste gases, by mercurial | the several trials. 


EXPERIMENT WITH ‘‘Pittssure” Lump Coat. 


Trial began at 6 p. m. March 16th, and ended at 6 


DR cticink ck aed ek beeen sane tnbkWenadenn eoenaheenceke 
Si ctsnaWite ee KGaA RUSE ea eau em haa 
NE et einc.0cas cee dnwiereendsR Crekas ck Oetadaeae’ 
EC cutéser en kindness cane eee ene cekeenunsas 
Steam pressure (Observed) Mean..........ccecccssccesccces 
“ DE oo svacucevconewnanarnseageuns 
Ns cna Wines ga ceeded saONSRcbt eenanawaue 
Feed water temperature (ODSETVOd). ...cccscccescccsesecces 
- NNN ra sna nneceaxcnanseneoan 
iene hema Aeiaele ia uinaie Raeeien ae? Smee’ SIGE IN a aueT or ie 
Air, boiler room, mean temperature Kise sus busuascuwesiunes 
Se | i cenm amarante we 
Water in tanks - Chitin hecekebeakessen es 
TorTALs 
ee RE FINE Ps oan. wi ede0es ccbEie we vaceeenns 
ESE EE OE OE ee Fe ee aa ane 
Ash, clinker and unburned coal from ashpits............... 
CALORIMETER. 
Water heated (average each test) ......ccscccccsccccccssece 
Steam condensed (average each test). ...........cceececcees 
BRUNO SUMORRIEG CHUNETOOE Do. 55 oo csc cincnsininstdsesesass 
ee er 
Final i Peas noskerarndtada cacwawanns 
” o Ridin cd hawnesnces swan cenacie 
Range SS ee ree ree 
Heat units per pound of steam.........2. ..eceeeeeseeeeees 
Thermal value of steam at corrected pressure (per pound). oa 
Ee Re ORR ee eas HPN Cea a ee 
Latent heat of steam at corrected pressure (per pound)...... 
NI Ge GO IIIS 65. one 5.0 6446500 s as ae ccensenveesione 
re INS FE CO GION ioc science ein sitnseecesseniens 
Economic REsvtts. 
Water to boilers per pound of coal. .........sccssccsssesces 
Steam per pound of coal from temperature of feed.......... 
Steam per pound of coal from and at 212° Fahr............. 
Steam per pound of combustible from and at 212° Fahr...... 
Capacity REsvtts. 
Average evaporation per hour...... Pay re ee ee Nee 
“ Ee in cuauscucateonnsc 00068. s0as 
Steam per hour per square foot of heating surface from tem- 
DOPGRIIO GE TOO. 0. occ ner vncvociesececcssseseccsscecs 


Coal per hour per square foot of grate surface............... 


799,438 


Pp. M. March 18th. 


48 hours. 


90.125 pounds. 
84.985 
4.423 inches. 

181.709 Fahr. 
182.85 6 
29.534 inches. 
41.013 Fahr. 
24.747 Fahr. 
40.181 6 


pounds. 
77,400 “ 
4,619.5 “4 


200. pounds, 
10.5625 ” 
54.698 Fahr. 
54. 7021 - 

111.375 % 

111.5547 * 
56.8526 ‘ 

1,188.0537 
1,213.78 
95 wit 7263 

883.08 

0.9788 


2.913 per cent. 


10.264 pounds. 


9.965 = 
10.6386 *i 
11.314 - 


16,068.56 pounds. 
1,612.50 ” 
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EXPERIMENT WITH ‘‘ WINIFREDE” Lump Coat. 
Trial began at 6 p. m. March 18th, and ended at 6 p. m. March 20th. 
NI 5 kre hinke aa aks o's Sem Rdanaah dang Rate OE eh We se eeaee 48 hours. 
IR ericnca bririgdi ainccancatigneens ea endian cae ee ele ie aa 18 hours. 
IE 6 cic od nap giana lai eae gee ams aa tee aa eat 18 hours. 
iF DL ia sap init ka akm ada canwa ena eaane eae a 12 hours. 
Steam pressure I NE nn sg condanicesddackencde one 90.148 pounds. 
SER 9" “nea sasmonwiansiemnneawun 85.008 ” 
NS EE COE CLONE OPE ET FOOLER ODN 4.513 inches. 
Feed Water | eee 179.782 Fahr. 
sa OND INR Gi 6. 6tecawnroweteusns semen 180.881 28 
aetna a cntadwekeenune cuss e baaecGwa en denonenee es 29.384 inches. 
Air, boiler room, mean temperature Piso uaasWak@aunen uuu neae 38.505 Fahr. 
oe | iincnememenetananeeekan 23.552 - 
Water in tank, - @6=—S ™ as een oes date 40.705 - 
Waste gases, » 5S pacun ewe seaman cid 580.300 os 
ToraLs, 
I NON IED OIRO 55.2.0. d0e.50 coe eue ee ek wie bun eicneie 791,119 pounds. 
Nor. arb nc mehuite dasa aacnsie Abe GN Shia wipibeww es 78,900 - 
Ash, clinker and unburned coal from ashpits ............... 4,885 = 
CALORIMETER. 
Water heated (average CbCh test)... ..0...00..ccccccccsececeee 200. pounds. 
Steam condensed (average each test).............ecceeecees 10.835 a 
Initial temperature IEDs aiave. a vuicnasrumeiescaeeene as 53.15 Fahr. 
MED vcudcan ««saacmacnsonesucnes 53.1582 ** 
Final temperature IID seins 4s os oh asccesewadanesaals 110.872 " 
II 5-65 Stud ene eae pew ea danke 111.0485 ‘ 
Range temperature, SHG01UtE..... 5... .066.0000c0cccccsceseccene 57.8953 ** 
ReGe SEE WOR POE OF GOR on 0 once ccscds cticcccscnc cess 1,179. 720 
Thermal value of steam at corrected pressure (per pound).... 1,213.795 
IR 5 ie cd a SS Caines wiph oe ak aera eee een eis ae oe era 34.075 
Latent heat of steam at corrected pressure (per pound)...... 883.049 
NE Or OR INO 65g cc tse eee haoipeee sn genome eS ocisrein 0.917 
WHAIGE CIBPRIROE Ti TO GOORER, 6 oo.oos cesses cncsssccccccess 3.859 per cent. 
Economio REsUvULts. 
Water to boilers, per pound of coal. .............c0ssseccees 10.0268 pounds. 
Stes am per pound of coal from temperature of feed.......... 9.6398 ‘ 
- from and at 212° Fahr.. panes 10.3107 “* 
a ” of combustible from and at 212° Fabr... 10.992 - 
Capacity REsvtts. 
Average Graporaiion per ROUT. ..... .. 065. ccccescccssccsses 15,845.421 pounds 
ni coal burned hake heeeen enews ens eae 1,643.75 : 
Steam per hour, per square foot of heating surface, from 
INE I gcicc su couenes-useies5eaeeeesees 7.105 - 
Coal per hour, per square foot of grate surface.............. 21.737 “ 
EXPERIMENT WITH ‘‘CAMPBELL’s CREEK” Lump Coat. 
Trial began at 6 Pp. M. March 20, and ended at 6 Pp. m. March 22. 
IR eis naktalceend aheneweunialod sue itis veorearewlepaie 48 hours. 
SN oo. a ce eeGeeats eeddaewkneeak mean T ene _ 
NN rns Sons and sensuneanduerdesncenkbeencwseese  * 
ins bnkh sda ven scan nwerstbendauahbaehae ‘ = * 
Steam pressure (observed) Mean... .......csesceccescccces 90.568 pounds. 
66 (corrected) ** .... s- ahd sna ieeeh lone ror 85.428 - 
EOIN 5 ona Ou hin Gicwidia 606 0:s.0- ene wapawaae dee sale 4.302 inches, 
Feed water temperature I inc kaswesnetanceeen i 168.219 Fahr. 
- IIE 6p bcdnne wasierae Gncmniend 169.085 " 
aan MIN. «ssn waticnian galas was aamacaacaieael dnaiciewe 29.553 inches. 
Air boiler-room, mean temperature SE nee on ae 35.638 Fahr. 
ee. 2 eae neh NOR eREae 25.597 i 
“ce 


“ 


Water in tank 
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ToTas 
Water pumped into boilers..................6. jetmanianwnm 
SU 5 cua n neue oo acts eens and k Geb ne kund see beseeiee 
Ash, clinker, and unburned coal from ashpits............... 
CALORIMETER. 

Water heated (average each test) Sn raheem eee ee rer 
eee i vwcdnesscneeseeseeuncese ee 
Initial _temperature Sere pesiececsseeaen 

DOI. 6. cconvecapeccdesesanc¢ teense 
Final temperature SE 54 vd dwiedddcecauans caeene ans 

(corrected). . ihe menneaan waked re 
7 SORTS CHING as inks ace sntececseesecscasens 
BIORE WIS, HOF POUR OF GIOMM. .o o.06. 0c ccceccnscveccvcncee 
Thermal value of steam at corrected pressure, per pound.... 
DN cai skcu inane enslaadeedtaceuhen Rea eeeresceeaenes 
Latent heat of steam at corrected pressure, per pound....... 
OE OT TAO PUIG, ono oe cnc sivnccscceveecsseecesecees 
WHEREE GRATRINON Em TRO GOODE. oo o5 ois 5006 cece ce 0090 000020000 

Economio REsvtts. 

Water to boilers, per pound of coal..............seeececeees 
Steam per pound of coal from temperature of feed.......... 
Steam per pound of coal from and at 212° Fahr............. 


Steam per pound of combustible from and at 212° Fahr...... 
Capacity REsvtts. 


Aver WamS Cvanoration Or WOGT. ..« .06.0sss00ccsccsscccesvcsos 
, coal burned . 

hae per hour per square foot of heating surface, from 

IG Wr IE oo views nine a caceuss s0'essdsceneans 

Coal per hour per square foot of grate surface..............- 


758,675 pounds. 
"77,700 * 
390 i 


o 


200. pounds. 


10.655 = 
49.628 Fahr. 
49.6297 
106.75 si 
106.9009 = 
57.2712 * 
1181.9117 
1213.85 
31.938 
882.91 
0.9737 


3.617 per cent. 


9.7642 pounds. 


9.411 : 
10.1808 ‘ 
10.94 = 


15,234.056 pounds. 
1,618.75 ss 


6.8314“ 
20.7532  “ 


EXPERIMENT WITH ‘‘Peacn Orcnarp” Lump Coat. 


Trial began at 6 Pp. M. March 22, and ended 6 P. M. 


IIs diate: dr icedk ita gicshin dane ncn ala ava Ged ie ee aE NA ee 
INI el i 6 ons ain nec aranmaunee Se ahaa at lou ae 


Beaman prossuve (CheerVOd) MOOR. ..005 cecccccccecesecsoes 
es DE "ede pae beeen ales awene ee 
IE IDs cin carol oa ain eam cae ks ba ee rane hain we ie 
F eed water tempe er eer 
CRIED iinet sannsacecesswsereen 
ineaeeinn ica ei ee ae ed eee eeereeheerenenens 
Air boiler-room, mean temperature Re rs err er ree 
Air external, 
Water in tank - canes 


Water pumped into boilers.................. ‘cnanioenens 
SE I con oak wk Senos edsde ear nenn ne Meataer ses aae 
Ash, clinker, and unburned coal from ashpits............... 


CALORIMETER. 


Water heated (average RE PIE 66:6 6b6sce dese ccecncesence 
Steam condensed (average each test).............esseeeeee 
Initial _temperature (observ a hc a a aiciank anne Weeki Ged 

a iciuninte candheeka minke cee 
Final temperature ink codesédnravewessacnnersaae 

SN cates eteiandess- wee! ai ead 
Range temperature (absolute). .........2..sccccccccccccccce 
BES GURTOS OT OMIT OF MUDD. 6 oo co 5c cncecccccsicccesesese 
Thermal value of steam at corrected pressure........ ieee 
0 OEE nee r rere ae ee 
Latent heat of steam at corrected pressure...........+++2e+- 


Wibctemcy Of Ghee SAREE. 2... cccccccccccccseccccsccecccese 


ee Ie Oe We i ei sc eco kann cence seceuensacs 


March 24. 


48 hours. 
18 ““ 
_— 
12 oc 


90.771 pounds. 
85.631 “ 
4.295 inches. 
70.916 Fahr. 
171.833 co 
29.706 inches. 
88.843 Fahr. 
29.742 ” 
38.396 “ 


744,425 pounds. 
78,600 ‘ 
5,740 * 


200. pounds. 
10.824 - 
50.542 Fahr. 
50.544 " 

108.054 4 

108.2127 ‘ 
57.6687 ‘* 

1,173.7837 
1,213.922 
40.138 
882.74 
0 9669 


4.547 per cent. 








Dee 
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Economic REsvLts. 


‘Water to boilers per pound Of coal. .....606 cecsicccccsccses 9.4716 pounds, 
Steam per pound of coal from temperature of feed........... 9.0409 ‘* 
Steam per pound of coal from and at 212° Fahr.. ue 9.756 ” 
Steam per pound of combustible from and at 212° Fahr... 10.524 ” 
Capacity REsvLrts. 

PPE CURRIE DOE OT. oa inne ocsescrcccavetieseses 14,804.47 pounds. 

is coal burned - cacvece eee ” 
Steam per hour per square foot of heating surface from 

NNN TI a acicn dda wkead sense aaen waweeawe 6.639 - 
Coal per hour per square foot of grate surface............... 20.994 = 
PERCENTAGE OF Non-CoMBUSTIBLE. 

PN... «5 snit was ccnp hoes abs wees nd ea Neiat ne eee. 5.9683 
rth in cen cia on Sons LAER ROAO ANIC AECE Rohe nmeaer 6.1914 
re iy nen anger ee 6.9369 
ia i. re SAE re eee er ee 7.3028 


The relative values of the several coals; The comparison by combustible has 
based on performance of the coal, are| no commercial value excepting the coals 
shown by the following comparison call-| should be contracted for upon basis of 
ing “ Pittsburg ” coal 1000, then “ Wini-| combustible. 
frede ranks 969, ‘Campbell's Creek” 
957, and “Peach Orchard” 917. While | 


the relative values based on performance During the trials samples of each kind 


\of coal burned were boxed, and subse- 


ot grec ea — 1000 | quently sent toa competent chemist, who 
PE 556 wie a enaenesen . aaa . . 
ee 972. | —" the same with the following re- 
‘¢ Campbell’s Creek”. .......... Y67. sults : 
OPUNCR CRGUNEE ccc ccsccces 930. 


ANALYSES OF COAL. 




















‘ : roe , | Campbell’s Peach 
| Coals. Pittsburgh. | Winifrede. | Creek. Guchend. 
| | | | 
| Fixed carbon..| 59.88 | 57.21 | 53.24 52.83 | 
Volatile matter 33.71 | 37.58 | 34.23 36.83 | 
Moisture ......| 1.87 | 1.93 | 2.15 4.60 | 
ae 0.44 0.56 0.72 0.76 
| SU chews sar 4.10 2.72 9.66* 4.98 
| 
100.00 | 100.00 | 100.00 100.00 
. ! J 





In the appended tables is given a sum-) the several coals, all of whom exhibited 
mary of the trials, in parallel columns, and| commendable skill in manipulating the 
the individual work of the firemen with | coal and the boilers during the trials. 


SuMMARY OF TRIALS. 








| Campbell’s | Peach 
EE | Pi gh. | Winifre a — 
Coal burned +“ | Pittsburgh. | Winifrede. | Creek. Orchard. 
ENN c cacawade tk S4ceccee panes Mar. 16-18 | | See. 18-20 | Mar. 20-22 r. 22-24 
Duration of trial, hours... .....0620 sess 48 48 48 “48 
Mean steam pressure..............+00: 84.985 85.008 | 85.428 on 631 
OF WOE. TOO WME. 0 occ cvccies c0ss 181.709 179.782 168.219 170.916 










* The ash found for Campbell’s Creek coal by analysis must be an error, from the fact that the non-com- 
bustible (6.9369 per cent. of original weights of coal burned on the grate) includes, in addition to ash and 
— (non-combustible) some combustible which filtered through the grates in charging coal and breaking 

e fires, 
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Summary oF TrIAts (Continued). 





| 


| 



































| ‘ ’ 
: | uries , | Campbell’s Peach 
Coal burned........... agen pecan aeD Pittsburgh. | Winifrede. Cunck. Ouchesd. 
| 
| | | 
OIE ONG kicks cvwnadesbasunnas --| Mar. 16-18, | Mar. 18-20. | Mar. 20-22. | Mar. 22-24. 
Mean temp. atmosphere boiler-room.... .| 41.013 | 38.505 35.638 | 38.843 
We a os od dann ss0es onnaaecs 29.534 | 29.384 ).553 | 29.706 
Tota! coal burned, pounds bene Stee oeeeee 7,400. | 78,900. 77,700. | 78,600. 
Coal per hour 1,612.5 | 1,643.75 | 1,618.75 1,637.5 
occ «* “square foot of grate ‘surf: ce) on ane a1 927 en wee | . 
per hour, pounds. .........0005+¢ 20.678 | at. 20.758 20.994 
Steam per square foot of heating sur-) yo m 40K | poo | . 
S00 PEE OEE. . oo sccscccns xc 5 7.206 1.108 6.881 | 6.689 
Water entrained in steam, per cent......! 2.913 3.859 | 3.617 | 4.547 
— oS ay of coal from and at) 10.638 | 10.310 10.181 9.756 
Steam per pound of combustible from) ‘ ono ‘ i 
wane f 11.314 10.992 10.940 10.524 
Relative value based on coal.. ; 1000. 969. 957. 917. 
“a ss combustible....| 1000. 972. 967. 930. 
aman of non-combustible.........| 5.968 6.191 6.937 7.303 
GENERAL AVERAGES. 
PITTSBURGH LUMP COAL. 
| Steam from and Deneentan 
Firemen. | Water. Coal. at 212° Fahr. per of oe 
| pound of coal. vorere 
Pounds. Pounds. Pounds. 
SON cccicaeanteanews | 312,037.99 29,100 11.1054 6.6579 
SESS eee ee | 293,754.06 28,350 10.7421 5.8305 
DWE .ccicccccccsecee] IESERS6 19,950 10.3229 5.1783 
WINIFREDE LUMP COAL. 
Steam from and a 
Firemen. Water. Coal. at 212° Fahr. per of ‘Ashe 
pound of coal. — 
Pounds. Pounds. Pounds. 
DME. ccacesecunneaen | =. 287,971.33 29,400 10.0649 5.6383 
BN cok anche ating | 301,844.28 30,000 10.3372 6.4: 353 
POE Sieseanewis. Kee | 201,303.39 19,500 10.6167 6.6035 





CAMPBELL’S CREEK 


OOAL, 














Steam from and “s , 
Firemen. Water.® Coal. at 212° Fahr. per, * — 
pound of coal. 7 
Pounds. Pounds. Pounds. 
cei oie unter iil 276,890 28.800 10.0537 | 6.3705 
Eee 283,125 29,100 10.0387 6.5410 
Ms cencceceseneese 198,660 19,800 10.4523 8.3756 








— 
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PEAOH ORCHARD OOAL. 




















| Steam from and 
Firemen. Water. Coal. jat 212° Fahr. per P oe 
pound of coal. ee 
Pounds. Pounds. Pounds. 
Shea 289,578.97 30,300 9.8493 8.3733 
Se 264,305.88 28,800 9.4599 6.5247 
TOE bncicssasesccecss| Teeenae 19,500 | 10.0566 6.7964 








THE SLIDE RULE. 
By C. V. BOYS. 


Ir is a perpetual source of amazement, ble, according to the nature of the in- 
to those who are familiar with this in- | strument, it is not really to be trusted. 
strument that its use is not almost uni-| These objections are easily answered. 
versal. People of every class have to} As soon as the slight difficulty of reading 
make simple calculations, while those en-| the rule has been overcome—a difficulty 
gaged in scientific work, in designing | due to the fact that in ascending the scale 
apparatus, or in invention, perpetuaily|the divisions become closer, so that if 
cover sheets of paper with figures, all of |there is room for ten subdivisions be- 
which trouble, and the loss of time which | tween 10 and 11, there are only five be- 
it involves, might be saved by the intelli-| tween 20 and 21, and two between 40 
gent use of a good slide rule, and yet, | and 41—a difficulty which once overcome 
for reasons difficult to find out, the ha-| never recurs—then the simpler calcula- 
bitual use of this instrument is limited | tions, such as multiplication, division and 
to a very small proportion of the calcu-| simple proportion can at all times, with- 
lating community. }out an effort or a thought, be instantly 

Most people know that the scales are | performed, while those involving propor- 
logarithmically divided—that is, that the | tions in which some of the terms are 
distance between the divisions marked 1 | Squares, cubes, roots, sines, or tangents 
and 10 being in imagination divided into | can, after a moment’s reflection, be as 
10,000 parts, the division marked 2 is at | easily completed, so that even in the case 
the 3010th of these parts, the division | of single operations time is saved. It is 
marked 3 is at the 4771st of these parts, | true when many calculations of the same 
and so on, 3010 being the log. of 2, 4771|kind present themselves, especially if 
the log. of 3, and so on, and further, that | some of the terms in the series are iden- 
the spaces between these whole numbers | tical, that the use of the rule is specially 
are similarly divided into fractional parts, | advantageous; but in any case mental 
thus 1.1 is at the 414th of the imaginary | labor and time are saved. 


parts, and 1.01 at the 43d of these parts, | 
414 and 43 being the logs. of 1.1 and/| 
This is very generally known, but | 
it is more generally believed that to use | 
the rule involves so much thought and | 
anxiety that it is far simpler to work out | 


1.01. 


results in the usual way, or at any rate 
that the rule can only be of any real as- 


quence. 
sistance when a great number of similar | 


As to the probable accuracy of results 
obtained by the use of the rule, they are 
in general superior to the accuracy with 
which the figures which require reduction 
have been determined, or, if this is not 
the case, they are in general so nearly 
correct that the error is of no conse- 
For instance, if the marks ob- 
tained by several examinees are to be 





calculations have to be made; and further, | reduced to correspond to a total of 100, 
that as the results to be obtained are| the commonest rule, which gives an ac- 
not absolutely correct, that as an extreme | curacy of s}, part, is sufficiently good, 
error of 1, +4, or z45 per cent. is possi-| for the nearest whole number only, and 
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the right order are all that are needed. | greatest possible error could only be one 
It would be absurd to doubt the accuracy | 


of the instrument because it cannot be 
trusted to give figures correct to one part 
in a thousand. Or, again, if the weight 
of a piece of metal has to be determined 
from its dimensions, a good rule, trust- 


shilling, if the rate is five per cent. This 
example, though obvious, is given because 
it corresponds exactly with cases that 


| arise in the laboratory, where the rule, if 


used properly, is of service, but, if im- 


| properly, is useless. 


worthy to 1 part in 1,000, will in almost | 


every case be more than good enough; 
for, even if the specific gravity of the 
material be known so truly, it is not often 
that the piece can be made so near the 


specified size that the discrepancy which | 


may ultimately be observed will be due 
more to the error of the rule than to the 
inaccuracy of construction. In such a 
case it would be as absurd to discard the 
rule as untrustworthy as it is to use 
7-figure logarithms for the calculations 
of an ordinary chemical analysis. There 
are cases, of course, where observations 
can be made with a degree of accuracy 
beyond that which is obtainable by any 
rule—for instance, determinations of 
mass, length, angles, and time can all be 
made with extraordinary precision. 


Calculations involving only the simple 
arithmetical rules, when extreme accu- 
racy is required, are best performed by 
the help of a table of logarithms, or with 
an arithmometer ; in fact, with an arith- 
mometer a far greater degree of accuracy 
can be reached than with ordinary 7-fig- 
ure logarithms, and though they are also 
suitable for calculations in which only 
three or four significant figures are re- 
quired, their great size and expense com- 
pare unfavorably with the portability and 
cheapness of the rule, and, moreover, 
trigonometrical and logarithmic functions 


|cannot be found with them. These ma- 


Where, then, uncertainty is not intro-| 


duced by observations of another kind, 
where the entire precision to be obtained 
in any such observations may be expected 
in the result, as, for instance, in the de- 
termination of the refractive index of the 
glass of a prism, in such cases the slide 


rule is unsuitable, and tables of logar-| 


ithms furnish the most obvious means of 
making the calculations. Or, again, when 


pounds, shillings and pence are involved, | 


a result correct to the nearest farthing is 
generally desired to make accounts come 
right, and so, unless the sums dealt with 
are moderate, the slide rule is again un- 
suitable. However, the calculation of in- 
terest furnishes a good example of proper 
and improper use of the rule in making 
calculations. If it is required to find 
what a certain sum (s) will be worth at 
the end of a year, at so much (r) per 
cent., the result might be found from the 
proportion 100 :100 + r::8:a. Here, 
the amount x would be determined with 
an accuracy of, say, ;j/5, part. so that if 
£1,000 were involved, an error of £1 
might arise. This is an improper use of 
the rule. A greater degree of accuracy 
would be obtained by the proportion 
100: r: : 8: the increase of s. Here the 


interest is found to the same proportion- 
ate accuracy, and so, in such a case the 


chines are shown at the Inventions Ex- 
hibition by Tate and Edmonson, and are 
worth examining. There is another cal- 
culating machine close to Tate's, by 
which the interest on any sum at any 
rate per cent. for any time may be found 
to the nearest halfpenny in an incredibly 
short space of time, worthy of the atten- 
tion of those who have to calculate in- 
terest. But, to return to the slide rule, it 
is astonishing that an instiument like 
Gravet’s, 10 inches long, only, with 
which all calculations, arithmetical, trigo- 
nometrical, and logarithmic, can be 
worked out so easily and with an accu- 
racy of from z}, to zpjy, according to 
the nature of the calculation, should be 
so little used. 

This is not the place to give instruc- 
tions for using the rule, but an outline 
of the method is necessary to make it 
possible to compare the different makes, 
many of which are shown at the Inven- 
tions Exhibition. 

With two similar scales of equal parts, 
as inches divided into tenths, or centi- 
meters divided into millimeters, it is pos- 
sible to add numbers, or, conversely, to 
subtract numbers; thus, if the zero of 
one scale is placed opposite, say, 6.5 of 
the other, opposite every number » on 
the first will be found n+6.5 on the sec- 
ond, and so addition or subtraction could 
be performed, but there would be no ad- 
vantage in so adding or subtracting. In 
the same way the slide of the ordinary 
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slide rule is employed to add distances, 
but these distances do not correspond to 
the figures attached, but to the loga- 
rithms of those figures, and ‘so the sum 
which is found by such an addition is not 
the sum of the figures apparently added, 
but their product. If the slide is placed 
at random, all the pairs of tigures which 
are opposite to one another are in the 
same proportion, and the multipliers 
which will change either series into the 
other will be found on each scale oppo- 
site the divisions marked 1 on the other. 
It requires no great amount of memory 
to bear this in mind: however the slide 
may be set, those numbers which are op- 
posite to one another are in the same 
proportion, 7. ¢., have a common quotient, 
which may be found opposite any of the 
divisions marked 1; and yet this is all 
that has to be remembered in multiplica- 
tion, division, and simple proportion. 
The two top lines of a slide rule are gen- 
erally identical, and they ure used for 
these simple operations; they are gen- 
erally distinguished by the letters A and 
B. In general, the bottom line of the 
slide, that is, the third altogether, is 
identical with the first two, and is labeled 
C. This arrangement is convenient, for 
it is possible to insert the slide upside 
down, in which case all numbers which 
are opposite one another on A and C 
have a common product, which may be 
found opposite any of the divisions 
marked 1.. This furnishes the most 
ready mode of finding actual or approxi- 
mate factors of numbers, and is of great 
use to those who have to calculate wheel- 
work; further, by the useof the inverted 
C line under the A line, any harmonical 
progression can at once be read, and any 
number of harmonic means can be insert- 
ed between two quantities. The fourth 
line is generally made different from the 
others, in that it is on double the scale, 
and it is then distinguished by the letter 
D. If the units of the C and D line 
are placed opposite one another, a table 
of squares and roots is formed, or, if in 
any other position, the squares of the 
numbers on D vary in the same propor- 
tion, as do the numbers that are opposite 
to them on C. It is in calculations made 
on the C and D lines that so much time 
is saved, for proportions in which some 
of the terms are squares or square roots 
can be worked out as quickly and as ac- 


curately as those in which simple num- 
| bers only are employed. If the slide is 
|inverted so as to bring the B line oppo- 
site to the D line, then the square of any 
/number on Dx the number opposite to 
|it on B is constant. This product may, 
of course, be found in B opposite 1 in 
D. Cube roots, among other things, 
may be found in this way. 

| These four lines are all that are gener- 
ally found in a slide rule; occasionally 
/others are added: thas a line on one- 
|third of the scale of the D line (some- 
times called an E line) will, with the D 
| line, enable one to directly work propor- 
tions in which some of the terms are 
| cubes or cube roots, but this is not often 
/required. With the usual four lines all 
|arithmetical processes, except addition 
and subtraction, can be performed. 
There are, however, rules in which on 
| the back of the slide are scales in which 
‘the distances are log. sines or log. tan- 
'gents of the angles marked, then, these 
| lines being placed against an ordinary A 
‘line so that 90° on the line of sines, or 
45° on the line of tangents is opposite 1 
on the A line, a table of sines or tangents 
| will be formed; and if the slide is placed 
|in any other position, the sines or tan- 
' gents of the angles denoted by any divi- 
sions on either of these special lines will 
vary in the same proportion as do the 
/numbers which are opposite them on the 
|A line. In those rules in which lines of 
sines and tangents are given, there is 
generally a scale of equal parts in which 
|the length of the D line is divided into 
500 or 1,000 parts. If this is placed op- 
posite the D line, with the ends of the 
two scales opposite one another, a table 
of logarithms will be seen ; thus the loga- 
‘rithm of any number on the D line will 
be found opposite to it on the scale of 
equal parts. 

Having pointed out the chief uses of a 
slide rule, it will be possible to describe 
the differences in construction in the sev- 
eral varieties. The most simple possible 
form is the original Gunter’s scale to be 
found op any sector. With this and a 
pair of dividers calculations may be 
made, for if the dividers are set to the 
distance between any two numbers, any 
other pair of numbers which are found 
by the dividers to be the same distance 
apart will be in the same proportion, or 





have a common quotient just as a com- 
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mon difference would be found if a scale 
of equal parts were used. This, however, 
is troublesome ; but if the same principle 
is applied to a scale in the circular form 
the result is much more convenient. 


of linear distance, and a pair of arms 
which can be opened to any angle can be 
moved round, and every pair of numbers 
covered will bear to one another a con- 
stant proportion depending on the extent 
of the angle. This is the principle of 


some of Dixon’s rules shown at the In-| 


ventions Exhibition, near the arithmom- 
eters. In the well-known pocket instru- 


ment, the calculating circle of Boucher, | 
an instrument like a watch, one hand is| 
fixed and one is movable, and the face is | 


also movable. There is another instru- 


ment of the same kind, in which the scale | 
is drawn on a helical line. Here the scale | 
and one hand are movable, and there is 
one fixed hand. This, which is Professor | 


Fuller’s spiral rule, is made and exhibited 


by Stanley. Circular instruments are also | 


made, in which scales slide over one an- 
other, which are in this respect like the 
straight rules. 


in the circular form than appears at first. | 


In the straight rules the A and B lines 
are each double, the first and second 


halves are identical ; this repetition of the | 


scale is required in order that, however 
the slide may be placed, the part of each 
opposite to the other may contain at 
least a complete scale of numbers. In 


the circular form, however, the beginning | 
and end of a single logarithmic scale | 


meet, and so the scale itself is its own 
repetition both above and _ below. 
this reason the openness of the divisors 


in a circular instrument is the same as in | 


a straight rule, of which the length is six 
times, instead of three times, the diameter 
of the circular line. 

Of the two types of instrument—one 
in which one slide works against another, 
generally straight, sometimes circular, 
and the other in which there is no slide 
but only a line divided logarithmically 
with a pair of hands, which type is always 
circular—which may be called respectively 
the slide and the index types, each has 
certain advantages. The slide form is 


preferable, in that each setting of the 
slide furnishes a complete table of pairs 
of related numbers, as, for instance, of 
any English and foreign measure, of 


Tn | 


this case angular distance takes the place | 


There is more advantage | 


For | 


squares and roots on any scale, such as 
diameters and areas of circles, or of sines 
or tangents on any scale, so that, without 
'moving the slide, any number of results 
may be read off, whereas with instruments 
of the index type the scale must be moved 
‘under the hands, or the hands over the 
scale, for each result. On the other hand, 
index instruments are more convenient 
| than the usual slide rules in working out 

, axbxexd 
long expressions of the form ae 
in which any of the terms may be squares, 
cubes, sines, or tangents, for the terms 
are taken alternately from the numerator 
and denominator and set in order with 
the fixed and movable hand until all are 
worked off, when the answer is found 
| under the fixed hand. There is no neces- 
sity to observe any result till the process 
is complete; on the other hand, with 
slide instruments, each result of the form 
x axxo etc., must be read and set 

e exf 

before it can be operated upon by the 
/next pair of factors. In Gravet’s rules, 
however, this disadvantage of the straight 
|form is removed by the addition of a cru- 





sor or sliding index, which in other ways 
is a great comfort. 

All instruments of the index type suf- 
‘fer terribly frora parallax, owing to the 
| hands being above the face, so that they 
do not in practice give the accuracy that 
‘from the length of scale upon them might 
| be expected. 

This is especially the case in small in- 
struments: for instance, Boucher's cal- 
culating circle, made in the form of a 
'watch, is probably divided so accurately 
that on that score an error of one part in 
|a thousand does not exist; yet, owing to 
parallax, the practical limit is about 3},5. 
| This instrument has, besides the ordinary 
line, one on a double and one on a treble 
scale for squares and cubes, a line of 
sines, and another of equal parts for 
logarithms. 

The possible accuracy of any instru- 
ment depends upon the length of the 
scale included between 1 and 10, called 
the radius, and also upon the linear ac- 
|curacy with which a setting or reading 
| can be made ; this is at least twiceas great 
‘in slide as in index instruments. In 
order to obtain great accuracy, various 
| means have been adopted whereby a great 
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length of seale is brought within a small | cants. 


compass. Among slide instruments are 
Professor Everett's “ Universal Propor- 
tion Table,” published by Longmans, 


Green & Co., and General Hannyngton’s | 


slide rule, made and exhibited at the In- 
ventions Exhibition by Aston & Mander. 
In these the slide is made in the gridiron 
form. In Everett’s instrument there are 
twenty bars, the total length of which is 
about 13 ft. ; a scale of equal parts is also 
printed, so that logarithms can be read 
with it. In both of these instruments 
only simple proportions can be effected, 
unless special grids, divided on a double 
scale or trigonometrically, are provided. 
Far the most ingenious of all devices for 
obtaining a great length of radius ina 
comparatively short space is due to Mr. 
Beauchamp Tower, whose name is well 
known in connection with the spherical 
engine. His instrument is a slide instru- 
ment consisting of two tapes running 
side by side over equal and independent 
rollers, but the tapes have a half twist 
in them, so that they have each only one 
surface, and one edge. In this instru- 
ment, made privately for his own use, 
each tape is about 124 ft. long, and as 
both sides of the tape are used the radius 
is about 25 ft., and therefore, as far as 
openness of scale is concerned, it is 
equivalent to a straight rule 50 ft. long, 
while the instrument itself is only just 
over 6 ft. in length. 

Slide rules of the index class can have 
a great length of scale more readily em- 
ployed than others. Thus, Professor 
Fuller’s helical instrument has its radius 
equal to 42} feet, and is, in openness of 
scale, equivalent to a straight rule 85 feet 
long, while the box which contains it is 
only 17 x3? x33 inches, inside measure. 
Dixon exhibits a special rule with the 
scale extending over 10 concentric circles, 
but with this form a less degree of accu- 
racy is attainable when using the inner 
than when using the outer circle. Thus, 
the inner circle is equivalent to a straight 
rule 30 feet long, and the outer to one 60 
feet long. There is an outer circle equal- 
ly and logarithmically divided to find 
logarithms. In another of Dixon’s in- 


struments, similar in size and form, there 
is the same outer circle for proportions 
and logarithms, and a series of inner 
circles divided so as to givesines, cosines, 
tangents, cotangents, secants, and cose- 








Each of these is ona board 14 
inches square. Rules with very extend- 
ed scales do not, in practice, give results 
with an accuracy which is proportional to 
their length, though the working accu- 
racy is very much increased. They have 
this advantage, that they can be worked 
to their limit with ease, while with a 
well-divided pocket-rule the errors of 
construction are beyond the limits of 
vision, and so the calculator is apt to 
strain his eyes to get results as accurate 
as possible. For instance, results ob- 
tained by a good pocket-rule one foot 
long can be trusted to a thousandth 
part ; at the same time, Prof. Everett's 
should be accurate to a thirteen-thou- 
sandth part, and Prof. Fuller’s to an 
eighty-five thousandth part. In prac- 
tice, a four and a ten-thousandth part are 
their limits. Again, instruments with 
very extended scales have only room for 
one line, so that simple proportions only 
and logarithms are all that can be direct- 
ly obtained from them. For general use 
in the laboratory or elsewhere, where 
calculations of every kind have to be 
made, the straight form, on the whole, 
seems most convenient, because of its 
portability, the quickness with which it 
can be worked, the diversity of opera- 
tions that it will directly accomplish, and 
the extraerdinary accuracy in comparison 
with other forms of the results to be ob- 
tained. Far the best instruments of this 
type that the writer has yet seen are 
those made by Tavernier-Gravet, of 
Paris, already alluded to. They are dif- 
ferent to those generally used in Eng- 
land, in that the line in the slide which 
works against the D line is itself a D 
line, so that squared proportions have to 
be performed by the aid of the cursor. 
This form has the further disadvantage 
that the inverted slide cannot be used 
for finding factors, which is a great loss ; 
on the other hand, the two lower lines 
may be used for simple proportions, and 
they will give a double accuracy. On 
the whole, the original pattern with an 
A, B, C and D line seems preferable. Of 
the straight rules shown at the Inven- 
tions Exhibition, those made by Stanley 
exceed all the others in workmanship, 
and they are equal in this respect to the 
Gravet rule. Among them are rules for 
special purposes, as Hudson’s scales and 
Ganga Ram’s rules. Hudson’s scales, 
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which are made in card, each having two 
slides, are a marvel of constructive skill. 
Dixon shows his “triple radius double- 
slide rule,” with which very complex op- 
erations may be readily performed. 
Heath shows a slide rule for converting 
sidereal to mean solar time, or the re- 
verse, correct to about .02 of a second, 
but this is not a slide rule proper, as the 
scales are not logarithmic. 

There is entirely a different class of 
slide rule shown by Lieut. Thomson. 
In this there is, as usual, an A, B, 
and C line, but, instead of the D line, 
there isa “P” line,in which the dis- 
tances, instead of being logarithmic, are 
logarithms of logarithms. By this in- 
strument, fractional powers may be found 
as readily as simple products or quo- 
tients. It has, hower, this defect, that 
the scale converges so rapidly as the 
numbers ascend that high numbers can 
only be obtained with a proportionate 
accuracy far less than is possible with low 
numbers. It is one feature in the slide 
rule of ordinary construction that an er- 
ror of reading of, say, ;4, of an inch 
will produce the same proportionate er- 
ror in any part of the scale. This rule 
for involution is shown in the straight 
and circular form. It is right to men- 
tion that the same thing exactly was in- 
vented by the late Dr. Roget, and pub- 
lished by him in the Phil. Trans. of 
1815. 

No attempt has been made to give an 
account of every special form of rule 
that is made; those shown at the Exhi- 
bition, and some other well-known forms 
which well illustrate the different kinds 
of development, have been imperfectly 
described, and the general principles on 
which all depend sufficiently explained to 
make evident the advantages of each 
type of instrument. 


———_- be —__—_- 


REPORTS OF ENGINEERING SOCIETIES. 


tT. Lovis Enerzers’ Cius—St. Louis, Nov. 
4, 1885.—A paper by Mr. C. W. Clark was 
read, entitled ‘‘Notes on the Influence of In- 
clination of the Limb and of the Axis of a The- 
odolite on the Measurement of Horizontal 
Angles,” and discussed at length by Professor 
Johnson. 
In the general discussion Mr. Hill gave the 
result of some tests of cement and sand bricks, 
mixed 4 of sand to 1 of cement. They were 


twenty-six days old, and averaged about 125 
Ibs. per square inch in compression; Mr. Rus- 


sel gave an instance where common clay stood 
135 lbs. per square inch in tension. Various 
other subjects were commented upon. 


| heres CLUB oF PHILADELPHIA—REGv- 
LAR MgetinG, October 17th, 1885.—This 
was the first meeting of the Club in its new 
house, No. 1,122 Girard Street, President J. J. 
de Kinder in the chair. 

The Secretary presented, for Mr. P. F. Brend- 
linger, an illustrated description of a novel and 
cheap cement-testing machine, which can be 
built by an ordinary carpenter and blacksmith 
at a cost of less than twelve dollars, and is suf- 
ficiently accurate for practical purposes. 

Mr. John T. Boyd presented an illustrated 
description of the ‘*Coventry” locomotive 
boiler, which is probably the latest novelty in 
locomotive construction. 

It was built at the Brooks Locomotive Works, 
Dunkirk, N. Y., and placed on one of their 
standard 17-in.x24-in. engines, with 61-in, 
| drivers. The economy of the boiler as a steam 
| generator has not been made public, but while 
|in service on the New York division of Penn- 
| sylvania Railroad it has proved to be almost ab- 
Pp : : 

solutely free from smoke and cinder-discharg- 
|ing qualities. The boiler is of the straight-top 
|return-tubular type, is made of Otis steel 
| throughout, and is remarkable in having but 
| two barrel sections, excluding the smoke box. 
| The stack is *‘ behind, instead of before,” 
| and is located over the frontend of what might 
| be called the upper crown-sheet, which forms 
the bottom of the back combustion-chamber, 
which is directly over the fire-box, the stack it- 
self rising from top of boiler between the cab 
jand dome. The crown-sheets are self-sustained 
| by long stay-bolts opposing the pressure in in- 
side of boiler. 
| Access to the back combustion-chamber is 
| had by means of a man-hole in the rear head 
| of boiler, through which the exhaust nozzles 
| and lift pipes are put in motion. 

The lower or 2-in. tubes are arranged as in 
| the ordinary locomotive, while the upper or 3- 
|in tubes are grouped around the dry-pipe as it 
| passes from the dome to the “T” head in 
| smoke-box. : 
In order to get the exhaust steam from the 
| cylinders into the stack, side pipes provided 
| with expansion joints, after leaving the smoke- 
box, are placed outside of, but close to, the 
boiler jacket, and enter the back combustion 
chamber close to the base of the stack. 

The throttle lever is turned ‘‘ upside down,” 
to get a pulling motion to open the throttle, 
and the rod is forked to pass around stack at 
its base, in order to reach the bridge-pipe at 
dome. 

The Secretary presented, for Mr. Walter C. 
Brooke, a description of appliances for landing 
mine cars at the top of slope.. 

Mr. A. Marichal, visitor, exhibited and de- 
scribed an instrument for at once describing 
arcs of any radii, from afew inches to infinity, 
and for determining the radii of arcs already 
drawn. It operates upon the general principle 
| that all angles inscribed in the same segment 
| are equal, and it is adjusted or read by means 
|of graduations. 
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Mr. T. M. Cleemann, on behalf of Mr. W. W. | 
Evans, of New Rochetle, N. Y., presented a 
small box, made of white oak from Delaware 
River Bridge, at Trenton, N. J , built in 1803, 
replaced by an iron bridge in 1875; in constant 
service for 72 years, and as arailway bridge for 
30 years. 

The Secretary announced that a committee 
of the Civil Engineers’ Club of Cleveland de- 
sired that this Club participate in joint action 
with their and other societies for the purpose 
‘‘of obtaining the passage of new laws which 
shall provide for the better condition of Civil 
Engineers employed on Government works, 
other than military.” Not being a business 
meeting, no action could be taken, but the mat- 
ter was, by informal vote, referred to the Board 
of Directors. , 

The Secretary reported that the assessment | 
of a considerable amount of customs duty 
upon books presented to us by the British Gov- 
ernment, had been madethe occasion for a de- 
termined fight for our heretofore disputed right 
to free entry. After unlimited affidavits, 
blanks, bills, bond, and other documents, in- 
cluding ‘‘ Hospital dues” (on Abridgements of 
Specifications of British Patents!), in getting 
it there, the appeal to the Secretary of the 
Treasury met with prompt and fair considera- 
tion. We are now, officially, ‘‘a Society estab- 
lished for philosophical purposes, and entitled 
to the benefits conferred by the provision of law 
above quoted.” 

—— om 


ENGINEERING NOTES. 


rue Construction oF Factory CaHIMNEys.— 
The Chemiker Zeitung has lately been de- 
voting attention to this subject with special 
reference to the question whether decrease of 
height might not cause a saving in fuel without 
impairing general efficiency. Herr P. Huth 
records a case in which the erection of a new 
boiler in a relatively disused building necessi- 
tated (after an unsuccessful attempt to use it) 
the demolition of the old chimney, the dimen- 
sions of which were: height, 65.61 ft., lower 
diameter, 19.68 in., diameter of interior of chim- 
ney, 13.78 in. The entire length of the draught, 
including the flue, was about 98.42 ft. In the 
new chimney the entire length of draught, in- 
cluding the flue, was proposed to be about 95,14 | 
ft., and the diameter at the narrowest square | 
portion, 25.59in. 
Partially for experimental purposes, and par- | 
tially with a view to economy, a trial was made | 
of heating the boiler when the chimney was 
39.37 ft. in height. Although the results were 
affected by the damp masonry, there was a dis- 
tinct improvement perceptible as compared | 


with the old chimney. At a height of 45.93 ft. | 
the trials were still more satisfactory, and at 
52.49 ft. all requirements were completely ful- | 
filled, the smoke being absolutely white and 
sometimes scarcely noticeable, without any | 
soot or flying ash. The heating of the boiler 
was excellent, and the consumption of coal 15 
to 20 per cent. less than was the case with the | 
old chimney. The top was then finished in the 
usual way without any further improvement or | 
addition to the height. | 


From these facts Herr Huth deduces the 
argument that not only the height, but also the 
diameter, of a chimney in proportion to its 
height, deserves attention for economical and 
administrative reasons. High chimneys are, he 
considers, as a rule, too narrow in proportion 
to their height, and hence do not draw well, or 
else waste fuel and cover the neighborhood 
with soot and flying ash. The effort to remedy 
these evils by still further increasing the height 
of the chimneys usually leads to their aggrava- 
tion. Herr Huth suggests more detailed re- 
searches as likely to elucidate the subject fur- 
ther. In a later number of the Chemiker Zei- 
tung, Herr Ramdohr, of Gotha, confirms the 
assertion that there is a dearth of exact infor- 
mation as to this point. He alludes to the op- 
posite extremes of making chimneys decrease 
or increase in their internal diameter at the top 
as compared with the base. He recommends 
uniform diameter, and thinks this should be 
estimated rather fully in order that the heated 
gases in the center of the chimney may be, if 
possible, surrounded by a cooler stratum, 
which protects the brickwork to some extent 
from the heat 

This uniformity of diameter can be obtained 
by cutting the bricks or by dividing the chim- 
ney into sections and ascertaining that no por- 
tion of these has less than the specified mini- 
mum diameter. This diameter can be estimated 
in proportion to the extent of the grate-surface 
of all the fire-places which the chimney serves, 
being about equal to the free grate-surfaces. 
This varies with different combustibles (brown 
or mineral coal, wood, etc.), from one-eighth 
to one-fourth of the entire grate-surface. The 
lower a chimney, the larger may be its cross- 
section. 

The height, even when the boilers are small, 
should not be less than about 50 ft. For large 
steam appliances, when they are near the chim- 
ney, a height of 100 ft. to 120 ft. will usually 
suffice, provided the cross-section is suitable. 
When the fire-places are some distance from the 
chimney, the height of the latter would be about 
160 ft. to 200 ft., the cross-section being modi- 


| fied on account of the cooling of the smoke 


gases during their passage. 

As to the form of the cross-section of such 
chimneys, it is considered that a circular shape 
is preferable on account of its resistance to 
wind-pressure. An octangular form is con- 
sidered a very suitable alternative, as only one 
special shape of brick is indispensable; and 
finally it is stated that the top of the chimney 
should not be called on to bear any but a very 
slight projection; the whole being carefully 
surmounted with iron round the top of the 
brickwork. 


|] \ne Suxxur Brwer.—The Indus is already 


spanned at various points by bridges of 
considerable dimensions, which carry the In- 
dian state railways over that river. The largest 
of these structures, however, will, as regards 
span, shortly be eclipsed by the bridge which is 
to be constructed over the Rohri Pass of the 
Indus at Sukkur, on the line of railway from 
Kurrachee and Attock. It has been designed 
on the cantilever principle by Mr. A. M. Ren- 
del, M. Inst. C. E., and is 790 ft. clear span be- 
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tween the faces of the abutments and 820 ft. 
between the vertical pillars. The center lines 
of the main horizontal tie and the top of the 
large pillars and struts are 169 ft. above the bed 
plates. There is a girder of 200 ft. filling in the 
space between the ends of the cantilevers. The 
total weight of steel in the cantilevers will be 
about 3,200 tons, and this is exclusive of the 
200-ft. girder. The main guys, which will have 
to hold back the whole of the structure, are 302 
ft. long, and are connected to the anchors, 
which are constructed of steel plates, angles, 
and channel steel of large dimensions, built in 
masonry below the surface. The large pillars, 
which will stand on the abutments on bed 
plates 100 ft. apart center to center, and 
which incline inwards to a point meeting 
the guys 169 ft. above, will be 174 ft. long. 
Struts will spring from the same bed-plate as 
the large pillars, and incline at an angle 
of 35 degrees towards the center of the 
bridge, and also inwards towards the center 


line, meeting the horizontal tie, which is a con- | 


tinuation of the. guys, at 169 ft. above the bed- 


plate, similar to the jib of a crane, and from | 


the point of junction the inclined tie descends 
to the platform of the bridge. These struts will 
be 210 ft. long and 16 ft. square at the center. 
The booms, or compression members, diverge 
from the platform at a point about 40 ft. from 
the end, and convey the strains to the large bed- 
plates, from which the large pillars and struts 
rise. The platform for carrying the rails con- 
sists of two horizontal girders running from 
end to end, placed 18 ft. apart, centers, with 
cross girders every 8 ft., and on these longitu- 
dinal Z irons are placed on which is laid West- 
wood & Baillie’s trough flooring, which gives 
great rigidity and strength to the bridge. 

The steel is specified to be of a very high 
quality, and is to be made in very large scant- 
ling. For instance, the top plates of the 


anchors will be 20 ft. by 6 ft. by 1 in. thick, | 


each weighing 2 tons 14 cwt., and the base- 
plates for the large bed-plates will be 22 ft. by 
5 ft by 14 in., each weighing 2 tons 10 cwt. 
Each cantilever of the bridge has to be erected 
complete in the contractor's yard previously to 
being sent out to India, and in order to comply 
with this condition a staging or scaffold has to 
be provided. The great weight and size of the 
parts forming the bridge makes this a very for- 
midable and difficult undertaking, the various 
members raking and inclining in every direc- 
tion. After considerable study an arrangement 
has been designed which is expected to answer 
the purpose and conditions. It will consist of 
about 305 piles, 14 in. by 14 in., driven into the 
round about 30 feet. These are cut off at 9 
t. above the bed-plate level, and on them are 
to be built, in some cases, four lengths of 40-ft. 
timbers one above the other, and braced to- 
ether with horizontal and diagonal bracing. 
his staging covers a space 400 ft. long by 
about 120 ft. wide in some parts, and will be 
180 ft. high, and will require over 2,000 loads 
of lumber besides several tons of bolts and 
nuts.—Jron. 
HE UTILizATION oF TipALt Powrer.—At a 
meeting of the Junior Engineering and 
Scientific Society, held September 10, a paper 


| was read on ‘** The Mechanical Utilization of 
Waterfalls and Tidal Power,” by Mr. H. S&S. 
Wells, Wh. Sc. The author first dealt with 
waterfalls, and showed how the power of the 
fall could be ascertained by finding velocity of 
steam, area of flow in square feet, and height 
| of fall in feet. He then described Allen’s bal- 
anced float motor, for which, he said, an 
| efficiency of 90 per cent. was claimed, but he 
| would only assume efficiencies of 55, 75, and 
|85 per cent,, for waterwheels, turbines, and 
float motors respectively, when driven by water- 
| falls. As tothe position of the motor, much 
| depended upon local circumstances, such as 
| formation of banks, but fixing on shore was the 
| best if allowable. Modern turbines could be 
used for falls varying from 3 ft. to 247 ft., 
| while some were giving good results in the 
| Black Forest with only 9 in. fall. He then 
| dealt with the utilization of Niagara Falls, and 
| said it was calculated by considering the catch- 
| ment area and rainfall that not less than 18,- 
000,000 cubic ft. of water passed over the falls 
per minute ; the mean fall was 276 ft., and that 
gave a theoretical power of over 9,409,000 
horses, of which it might well be assumed over 
7,000,000 horse-power might be utilized, that 
being equal to power obtainable from the best 
class of engines from the consumption of 50,- 
/ 000,000 tons of coal. The author described 
some mills built near and worked by the falls 
which utilized about 1,000 horse-power, and 
| he spoke of various propositions that had been 
made to utilize the falls for generating elec- 
tricity for lighting purposes. He believed 
that was quite within the power of the present 
mechanical world to perform, although the 
difficulty and outlay would be enormous. Cal- 
culating from Sir William Thomson’s estimate 
of £10 per horse-power per annum for twelve 
hours per day, the value of the power of the 
|falls would be over £140,000,000 per annum. 
He then gave examples of other waterfalls 
utilized in England, Scotland, Ireland, America, 
Russia, and Belgium, and proceeded to con- 
sider tidal power. He briefly described the 
theory of tides and the various circumstances 
which affected them, and then dealt with the 
two movements of the waters, the horizontal 
and vertical, the mean velocities of the tides 
from recent experiments being Thames, 208 ft. 
per minute; Avon, 170 ft.; Rhine, 275 ft. ; 
Connecticut, 180 ft. per minute; these being 
the velocities at mid-stream and at or about the 
surface. The velocity of the sea was about 176 
ft. per minute, except around rocks and some 
parts of the coast, where it was as high as 506 
to 616 ft. per minute. The Thames had 23,- 
545,000 tons; Portsmouth harbor, 13,500,000 
tons; Harwich, 60,000,000 tons; Yarmouth, 
6,000,000 tons; and Montrose, 45,000,000 tons 
of tidal water per day. Tables were appended 
to the paper, giving the volume of the flow and 
ebb in the Thames, the range of spring and 
neap tides around the coast and in the tidal 
rivers; the maximum range being at Bristol, 
40 ft. spring and 31 ft. neap, the minimum 
range at Wexford, 5 ft. spring and 34 ft. neap, 
the maximum difference between spring and 
neap being 9? ft. at Granville, and the mini- 
mum 14 ft. at Wexford. 
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The two most important conditions of works} the gun. Such an accident, the Woolwich ar- 
to utilize this power were stated by the author tillerists say, could not have occurred with the 
to be, first, that they should not interfere with | Woolwich gun. Recently, however, in firing 
navigation, and second, that they should not|the Woolwich gun, the vent axial became 
alter the character of the tidal flow, except to | cracked or jammed. This happened when fir- 
improve it. A brief description was given of | ing the 43-ton Woolwich gun with only 265 lbs. 
various patents, by means of which the hori-| of black powder, which is stated to be much 
zontal movement of the tides could be utilized ; | more violent in action than its ordinary charge 
of mills once used, rising and falling with tide, | of 295 lbs. of brown or cocoa powder. The 
and driven by wheels, turned by flow and ebb, | damage to the Woolwich gun was at once re- 
and of mills driven by water stored in reser-| paired, and the experiments with it were re- 


voirs on shore at high tid¢ and run out over 
wheels at low tide. The author suggested 
wheels fixed under sea-coast piers, driven by 
the tide and rising and falling in a groove, 
forming an arc, struck from the driven shaft as 
a center, increased speed being obtained which 
might be used to drive tramcars upon the pier 
by rope gearing. Some time was devoted to 
the consideration of motors fitted between 
walls built across the mouths of creeks and 
non-navigable rivers, the motors to rise and fall 
with the tide, and the water to flow through 
the motors into the creeks and back again when 
the tide ebbed, in the same way. Continuous 
power could not thus be obtained, but about 
six hours’ work in every twelve hours in two 
portions could be done, or even more with a 
great range, by using about five-sixths of the 
total range. Reservoirs on shore for the waste 
vater, the author observed, were objectionable 


{although they allowed of continuous power) | 


on account of the area required, and imprac- 
ticable unless the ground was unfit for other 
more useful purposes. For 50 horse-power, 
for six hours, the reservoir would cover about 
22 acres, if 10 ft. deep, but the author suggested 
that buildings might be erected above these 
reservoirs, and the space thus utilized. A de- 
tailed description was given of such an arrange- 
ment, and the author concluded by stating his 
belief that great use could be made of this vast 
power, in such a manner as to soon repay any 
first outlay, and to be of great advantage for 
many purposes, especially for generating elec- 
tricity. He believed the subject deserved more 
consideration than it had at present received, 
as being not unlikely to become one not only of 
personal, but of national importance The 
paper was illustrated by diagrams, and a dis- 
cussion followed, the author being accorded a 
hearty vote of thanks at the close of the meet- 
ing.—Tron. 
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ORDNANCE AND NAVAL. 


7, oF A New Etswick Gun.—A trial has 
just been concluded at Woolwich of a 


|of the broken gun and examined. 
| their report states that the explosion of the gun 


| sumed at the government butts. With regard 
| to the Elswick Ordnance Company’s gun, the 
| breech mechanism is more complicated than 
| that of the Woolwich gun, inasmuch as it has 
| the vent piece going through the breech screw, 
| which has to be taken out each time it is fired 
| for the tube to be refixed. Whether the new 
| arrangement will prove stronger than the vent 
axial of the Woolwich gun, further experiments 
will have to decide. 


gore = EXPERIMENTS. — Experiments 
took place at the proof butts, Woolwich, 
| several months ago to elucidate the explosion 
lof an Elswick 6-inch breechloading gun on 
| board the Active, at Portsmouth. So far as 
| they were made public, the results of those ex- 
| periments showed that the accident was not 
| caused by any obstructions in the gun, various 
| kinds of wedges, ending with a formidable cold 
| chisel, being placed in the trial gun before fir- 
|ing and doing it practically no harm. It was 
| announced that the committee would carry the 
investigation further before making their re- 
port, and it now appears from this report that 
| they not only allowed the gun to fall upona 
; lump of steel, but dropped upon it another gun, 
| weighing 86 cwt., from varying heights up to 
)} 8 feet, which struck a blow on its side estimat- 
| ed at an energy of 34 tons. A few dents to the 
| exterior only were produced by the falls, but 
| the heaviest of the blows slightly bulged the 
|interior and prevented the 6-inch gauge from 
| passing through the bore. 


u In this state it was 
fired once more with the charge of 17 lbs. of 
| powder and a common shell weighing 100 Ibs.; 
but the only effect was a slight reduction of the 
| bulge, and the shell left the gun uninjured. 
|The committee having been satisfied by the 
| evidence of persons present at the accident, that 
| no large obstruction, such as a tompion or drill 
| shot had been placed in the gun which explod- 
|ed, and having no explanation to offer on the 
| strength of their experiments, were led to the 
 conaiiaiion that there must have been some im- 
| perfection in the steel of which the gun was 
constructed, and had several test pieces cut out 
Finally, 





new breech-loading steel-rifled Elswick gun. | did not result from weakness of design, from 
The weapon is a 6-inch 100-pounder gun, weigh- | error in loading, from wave-pressure, from pro- 
ing five tons. The breech-loading mechanism | jectiles being of high gauge, or setting up, or 
is different to the Woolwich gun, having a| broken, or jammed, and that it was highly im- 
double interrupted screw instead of a single | probable that it was caused by any kind of ob- 
one, the object sought being greater strength | struction or malformation of bore. They were 
and the prevention of liability to jamming. On| therefore forced to the conclusion that it must 
the gun being fired a second time, the vent| have been due to imperfection of material 
piece, which carries the primer or tube and| which remained undiscovered, although the 
firing apparatus, blew out and was projected a| gun had passed proof. The committee, how- 
distance of 200 yards. It was recovered unim- | ever, thought it beyond their province to inquire 
paired, and seven more rounds were fired from ‘ into the large questions involved in gun manu- 
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facture, which subject was already under in- 
vestigation by a very influential committee. In 
the meantime, they saw no reason to recom- 
mend that any restriction should be placed upon 
the use of guns of this nature in practice; and 
they were unable to recommend any special 
precaution in the use of them, the accident 
being in no way due to any cause connected 
with the care or service of the gun. It should 
be stated that the charge of 17 lbs. of powder, 
with which the gun was fired when it burst, 
was only half the service charge, and that the 
gun had been repeatedly fired with the full 
charge of 34 lbs. without showing any signs of 
injury. 
OO ee Navy Estmares ror 1886.—The 
estimates just passed by the Russian Gov- 
ernment for 1886, show that the vigorous 
naval policy initiated last year, just before the 
Afghan conflict came on the scene, is to be con- 
tinued and extended. While afew years ago 
half a million sterling was considered a sutfli- 
cient annual grant for naval construction, and 
the figure sometimes fell even below this, next 
twelvemonth will see an expenditure of 11,831,- 
800 roubles, or, at the current rate of exchange, 
nearly £1,200,000. Of this amount, £830,000 
will be devoted to the building of hulls, and 
the remainder to engines and machinery. The 
report further states that of the grant made for 
shipbuilding £600,000 will be assigned to pri- 
vate establishments, and only £230,000 to Gov- 
ernment yards. To the uninitiated this would 
seem to imply a more flourishing condition of 
things on the part of private works, and a 
greater amount of paternal regard for them 
than is really the case. On the Neva—and the 
whole of the grant is made for St. Petersburg 
—there are only two private establishments in 
receipt of Government orders, and for that mat- 
ter only two existing at all. Of these the 
Franco-Russian works, late the works of Mr. 
George Baird, is the only one that can claim to 
be a private concern, the shares of the rival 
Baltic works on the opposite side of the river be- 
ing wholly held by the Government As the lat- 
ter is doing the most work, and will doubtless 
receive the lion’s share of the grant, it is hardly 
accurate to place the amount assigned to it un- 
der the heading of ‘‘To private firms,” partic- 
ularly as it has long been treated as a semi-offi- 
cial appanage of the Admiralty, and is only left 
wholly unabsorbed by the State for reasons of 
private interest on the part of a few high offi- 
cials. 
RAZIL p ossesses five ironclads, the Riachue 
le, built in 1883 by Messrs. Samuda, 5,800 
tons, built of steel, steel armor 10 in. on the 
turret and 11 in. on the side; 6,000 indicated 
horse-power, speed 16 knots, and she is armed 
with four Armstrong guns of 20 tons each, 6 
of 5$ tons, and 15 Nordenfelt machine guns. 


The Solimoes and Javany are of 3,600 tons | 


each, and were launched in 1876. They are of 
iron, and have iron armor, 13 in. on the tur- 
rets and 12 in. on the side. Their speed is 12 
knots, and they are each armed with four 
Whitworth guns of 25 tons each, and four Nor- 
denfelts. The remaining two ironclads are of 


928 tons and 1,196 tons, respectively, and have | 
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armor of 4 in. thickness. Brazil further owns 
a wooden ship plated with 4-in. armor, four 
small monitors for river service, and seven 
wooden cruisers. A steel cruiser of 4,000 tons, 
which is to steam 15} knots, is at present be- 
ing built for the Brazilian Government in Eng- 
land. Brazil has also seven wooden and five 
iron gunboats, and also five composite gunboats 
in course of construction, besides eight torpe- 
do boats. 
lS explosion of gunpowder is generally, 
either in the bore of agun or in aclose ves- 
sel, extremely rapid; but, rapid as it is, when 
small charges are fired in a large vessel, there is 
a considerable reduction of pressure from the 
cooling effect of the vessel, owing to the great 
difference of temperature between the ignited 
powder and the vessel. With gun-cotton this 
difference is much more marked, both because 
the weight of the explosive employed in experi- 
ments is much less, and the temperature of ex- 
plosion is much higher. Between charges of 
a few ounces and a few pounds, for instance, 
of the same gravimetric density, there is a very 
marked difference of pressure. The actual 
pressure reached by the explosion of gun-cot- 
tons experimented with by Captain Noble and 
Sir F. Abel, assuming the gravimetric density 
of the charge to be unity, would be between 
18,000 and 19,000 atmospheres, or, say, 120 
tons on the square inch. The pressure indi- 
cated has not been reached in their experi- 
ments, both because they would have had great 
difficulty in making a vessel to stand such 
pressures, and because charges of such density 
would not readily be placed in the vessels. 
The highest pressure actually recorded with a 
density of 0.55 was a little over 70 tons on the 
square inch. 


F a charge of gunpowder be placed in the 
if chamber of a gun, the gravimetric density 
of the charge being unity, and if it be com- 
pletely exploded before the shot be allowed to 
move, the state of things immediately prior to 
the shot being permitted to move in the powder 
chamber, roughly speaking, is as follows: The 
products of explosion are divided into two 
classes of substances, about two-fifths, by 
weight, of the powder being in the form of 
permanent gases, and three-fifths solid matter, 
the solid matter being perfectly liquid at the 
moment of explosion and in an extremely fine 
state of division. By the combustion is gener- 
ated some 730 units of heat. The temperature 
of the explosion is about 2,200 deg. Cent., or 
about 4,000 deg. Fah., and the exploded pow- 
der exercises a pressure of about 6,500 atmos- 
pheres, or about 438 tons per square inch, against 
the walls of the chamber and against the pro- 
jectile. 

n his lecture to the Institution of Civil Engi- 
I neers, on ‘‘ Heat Action of Explosives, 
Captain Noble remarked: ‘‘ Twenty-five years 
ago our most powerful piece of artillery was a 
68-pounder, throwing its projectile with a ve- 
locity of 1,570 ft. per second. Now the weight 
of our guns is increased from 5 tons to 100, 
the projectile from 68 lbs. to 2,000, the veloci- 
ties from 1,600 ft. to 2,000, the energies from 
1,100 foot-tons to over 52,000 foot-tons.” We 
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may remark, however, that it is only about 
twenty years since Mallet urged, amongst other 
things, the use of a mechanical means of train- 
ing guns, but the wisdom of the then Ordnance 
Committee said it was not probable that larger 
guns would ever be used than were then em- 
ployed, and the handspike was all that was 
necessary. The Woolwich authorities, how- 
ever, afterwards used Mallet’s invention, and 
paid nothing for it. 
, er KunsTADTER Sorew.—The report by the 
board of engineers appointed by the Sec- 
retary of the Navy of the United States on the 
working of this screw, the principles of which 
have been explained in these columns on a 
former occasion, contains several valuable 
features, the importance of which should not 
be lost sight of by naval men. It is pointed 
out that the ability of a steamer furnished with 
the steering and propelling screw to turn ina 
small circle, if opposed to vessels which take 
longer time to turn, will be of immense im- 
portance in the naval warfare of the future, and 
it would not be very surprising if this novel 
steering apparatus were not readily applied to 
their navies by all the powers having a preten- 
sion to naval preponderance. This increased 
movability imparted to vessels would enable a 
ship provided with the Kunstadter screw, if not 
otherwise inferior, to speedily disable a vessel 
provided only with the ordinary steering ap- 
paratus. The screw would permit such a ves- 
sel to ram her opponent, or to escape a thrust 
aimed at her, and to generally choose the most 
favorable positions. She would outmanceuvre 
the enemy. But this is not all. In line of 
battle, a fleet provided with Kunstadter screws, 
being more easily handled, could act in closer 
order, and thus annihilate the enemy’s fleet by 
a concentrated fire. The report concludes with 
the following remarks: ‘‘ We do not consider 
a vessel perfectly equipped fer war which is 
only provided with the rudder if the Kun- 
stadter steering and propelling screw could be 
applied. The greater safety arising from 
greater movability is a sufficient reason for the 
introduction of the apparatus in all steamers, 
war as well as trading. Many collisions would 
thereby be avoided; much time and anxiety 
saved in handling a vessel in a narrow chan- 
nel.”’ 


lag: following figures concerning the Great 

Eastern and the Ark are of interest. 
Somebody is' comparing the size and cost of 
the Great Eastern and Noah’s Ark. The cost 
of building and launching the Great Eastern 
was $3,650,000, and this broke the original 
company. A new company was formed, which 
spent $600,000 in fitting and furnishing her. 
— this company faile d, and a new company 

yas organized, with a capital of $500,000. At 
the close of 1880 this company sunk £86,715 
upon the vessel, thus making her total cost 
$4,703,575. Nothing ever built can stand com- 
parison with’ the Great Eastern, excepting 
Noah’s Ark, and even this vessel could not 
match her. The length of the ark was 300 
cubits, her breadth 50 ‘cubits, and her height 30 
cubits. The cubit of the Sc riptures, according 
to Bishop Wilkins, was 21,°5, in., and computed 


to English measurement the Ark was 547 feet 
long, 91 feet beam, 54,%, feet depth, and 21,762 
tons. The Great Eastern is 680 feet long, 83 
feet beam, 56 feet depth, and 28,093 tons meas- 
urement. So Noah’s Ark is quite overshadowed 
by the Great Eastern. 
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PUBLICATIONS RECEIVED. 


gel of the Institution of Civil Engi- 


neers : 

Paper No. 2,027.—The Construction of Loco- 

motive Engines. By William Stroudley, M. 
Inst. C. E. 


No. 2,085. —Machinery for the Manufacture 
of Nitrate of Soda. By Robert Harvey, Assoc 
M. I. C. E 

No. 2,092 —Erection of a Howe Truss Bridge 
on the Canadian Pacific Railway. By Charles 
Anthony Stocos, Assoc. M. I. C. E. 

Annual Report of the Chief of Engineers of 
the United States Army. 1885. 

Student’s Paper No. 186.—Iron Bridges. By 
Frederick Wilfred Stokes. 

—— Forms of Ships. By Sir Edward J. 
Reed, K. C. B. 

—— Tides and Coast Works. By Thos. 
Stevenson, M. Inst. C. E. 

Abstracts of Papers in Foreign Trans- 
actions and Periodicals. 


Lo ypeemnemig oF THE UniTep States GEo- 
LOGICAL SURVEY : 

Vol. VI.—Contributions to the Knowledge 
of the Older Mesozoic Flora of Virginia. By 
Witu1aM Morris Fonraine. 

Vol. VIII.—Paleontology of the Eureka Dis- 
trict. By Cuartes DoouitrLE Watcott. Wash- 
ington: Government Printing Office. 

These volumes are invaluable to the students 
of Geology, affording, as they do, accurate de- 
scriptions of characteristic fossils. The typog- 
raphy and plates of these books may be re- 
garded with pride by Americans. 

Vol. VI. contains fifty large plates of fossil 
plants, and Vol. VIII. is embellished with 
twenty-four plates of paleozoic fauna, mostly 
mollusca. 

GuIDE TO Sanitary Hovuse-INsPECTION ; OR 
= Hints anp HELPs REGARDING THE CHOICE 
oF A HeatruFut Home in City or Country. 
By Wittr1am Pavt Gernarp, C. E. New York: 
John Wiley & Sons. 

The principal aim of this book, as the au- 
thor states, is to instruct the householder—to 
open his eyes to the dangers which threaten 
him if he allows his family to occupy a dwell- 
ing without having first thoroughly examined 
its sanitary condition, its stability and sound 
construction, its safety from fire, and its means 
of protection against the elements. The book 
is a guide in the search for defects within, as 
well as around and about the house, and, as the 
chief points to be looked after in such an in- 
spection, the author discusses the surroundings 
of the house, its site, location, aspect, and the 
character of the soil; the house foundations, 
walls, cellar, and yard; structural details— 
such as walls, roofs, windows, floors, stairs, 
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| 
etc.; the heating apparatus, the water service, 
the sewerage and plumbing, the gas-lighting, | 
ventilation, garbage disposal, and disposal of 
household wastes. 

The hints given refer not only to city houses, 
but also to apartment houses, tenements, sub- 
urban and country houses, summer hotels and 
boarding houses. The evils due to skin build- 
ing are clearly and vividly pointed out, and, in 
contrast to such health- endangering structures, 
the essentials of a healthful house in city or 
country are briefly stated. 

This short enumeration of the contents will 
be sufficient to show that although the book is 
written primarily for laymen, in a language free 
from technical terms, it will also be useful and 
interesting to architects, civil engineers, build- 
ers, health officers, sanitary inspectors, and | 
family physicians. 


] 
ns PLANS OF ENGINEERING STRUCTURES 


FOR Rar~roaDs AND Higuways. By Rica- 
ARD B. OspornzE, C. E. Philadelphia: Rich- 
ard Osborne & Son. 

This collection of plans will be found of 
great convenience to engineers in charge of 
highway or railway construction. The details 
are given with such a degree of minuteness as 


| practically to afford working plans and esti- 
| mates, 


The first volume—the only one as yet pub- 
lished—is devoted mostly to masonry struc- 
tures. Itis proposed to publish a second vol- 
ume containing similar plans, and, subsequent- 
ly, two other volumes, exhibiting plans and de- 
tails of framed bridges and roofs. 

Such works are important aids to the younger 
members of the engineering profession, as they 
afford an opportunity to compare detail plans 


with the actual finished structure. 


ourtH ANNUAL Report OF THE UNITED 
Srates GEOLOGICAL SurvVEY, 1882-83. By 
J. W. Powext, Director. Washington: Gov-| 
ernment Printing Office. 
The accompanying papers of this report 
are: 
Hawaiian Volcanoes. By Capt. C. E. Dut- 
ton. 
The Mining Geology of the Eureka District. 
By J. 8S. Curtis. 
Popular Fallacies Regarding the Precious- 
Metal Ore Deposits. By Albert Williams, Jr. 
A Review of the Fossil Ostrade of North 
America. By Dr. Charles A. White. 
A Geological Reconnoissance in Southern 
Oregon. By Israel C. Russell. 


M ANUAL OF GEoLoGy. By Joun PHILuips, 
LL. D., F. R. 8. 

Part II.—Statigraphical ny | and Paleon- 
tology. By Rosert Ernerings, F.R. 8. Lon- 
don: Charles Griffen & Co. 

Only the plan of the original Phillips Manual 
of 1855 is retained in this new edition; the 
text has been almost entirely rewritten 

It is now a complete and late treatise on Ge- 
ology. 

The plates are upon tinted paper, and dis- 
tributed throughout the book. 

Of course, the work is of more interest to 
European than to American students, but sci- 
entific libraries are incomplete in the depart- 
ment of geology without Phillips’ Manual. 


A Text-Book oF THE MATERIALS OF Con- 
strucTION. By Rosert H. Tuurston., | 
M. A. New York: John Wiley & Sons. 

This is an abridgment of the author’s three- 
volume treatise on ‘‘ Materials of Engineering.” 
The present volume retains all that relates to 
the origin, nature, method of preparation, and 
common physical properties of the so-called 
useful metals, and deals especially with those 
qualities which the engineer deems essential. 

The chapters on the reduction of the ores of 
the common metals are largely retained, as are, 
also, the portions relating to alloys. 

In short, a serviceable text-book has been 
constructed from the valuable collection of 
data in the larger treatise, without impairing 
its value for class-room uses. 


| Noble remarked :— 


| gravity is a little under 


— emme 


MISCELLANEOUS. 


I na lecture to the Institution of Civil Engineers, 

‘* Heat Action of Explosives,” Captain 
‘Helmholz has given an 
estimate somewhere of the heat that would be 
developed if our earth were suddenly brought 
to rest, but if, looking at our earth in an artil- 
lery point of view, we considered our earth as 
an enormous projectile, and if we supposed, 
further, that we could utilize the whole energy 
stored up in gunpowder, we should yet require 
a charge 150 times greater than its own weight, 
or 900 times greater than its volume, to com- 
municate to the earth her motion in her orbit.” 


I’ is stated of the new metal gallium that, 
with the exception of ~o which only 
becomes solid at 37.% deg. Fahr., there is no 
other element which liquefies at so low a temper- 
ature. It melts at 81.1 deg. Fahr., so that it 
liquefies when held in the hand. The metal is 
hard and resistant, even to a few degrees below 
the melting point. It can be cut, and possesses 
a slight malleability. When fused, it adheres 
easily to glass on which it forms a beautiful 
mirror, whiter than that produced by mercury. 
It oxidizes but very superficially when heated 
to redness in the air, and does not become vola- 
tile. Unlike lead, it acquires only a very slight 
tarnish on exposure to moist air. Its specific 
6, that of aluminum 
being 2.6, that of zinc, 7.1, and that of lead, 
11.4. Unlike lead, again, gallium is a highly 
crystalline metal, its forin be ing that of a square 
octahedron. In its chemical characteristics, 
the rare element gallium shows the greatest 
analogy to the abundant element aluminum. 


§ te United Service Gazette says :—Colonel 

Thackeray, the commandant of the Ben- 
gal Sappers and Miners, is taking a step which 
will result in the formation within the corps of 
small bodies of men, each thoroughly qualified 
to perform well one or the other of the opera- 
tions in engineering which the corps may be 
called upon to accomplish, and of which at 
present the men can have but a vague and im- 
perfect idea. One of the companies of the corps 
is to be set apart solely for providing trained 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





men to supply technical work in the field. The 
company will be formed of picked men from 
the entire corps, the most efficient men in each 
branch of sapper work being drafted into it. It 
will be subdivided into seven squads, each with 
a complement of European non-commissioned 
officers and native commissioned officers. The 
squads will be for torpedo, telegraph, printing, 
lithography, photography, pontooning, and 
company duty respectively. Each unit of the 
company will thus be complete in itself. 
M r. C. C. Hryz, editor of the Monitor, re- 
lates the following :—‘‘ The Institute of 
Technology, at Boston, long ago decided upon 
the danger of steam pipes passing through and 
in contact with wood. It was shown that the 
wood, by being constantly heated, assumes the 
condition, to a greater or less degree, of fine 
charcoal, a condition highly favorable to spon- 
taneous combustion. Steam was generated in 
an ordinary boiler, afd was conveyed there- 
from in pipes which passed through a furnace, 
and thence into retorts for the purpose of dis- 
tilling petroleum. Here the pipes formed ex- 
tensive coils, and then passed out, terminating 
at a valve outside the building. To prevent 
the steam when blown off from disintegrating 
the mortar in an opposite wall, some boards 
were set up to receive the force of the discharge, 
and as often as the superheated steam was 
blown the boards were set on fire.” 


‘| 


Leipzig and Corbetha. 
the Prussian Government to test for the pres- 
ence of coal, and was bored with diamond 
drills. Its depth is 1390 meters—4560 ft.—its 
breadth at the bottom 2 in., and at the top 11 
in. It has occupied 34 years to bore, and cost 
a little over £5,000. The temperature at the 


bottom is 118 deg. Fahr. 
hg some tests made with small squares of 
various woods buried 1 in. in the ground, 
the following results, says the Garden, were 
noted:—Birch and aspen decayed in three 
years; willow and horse-chestnut in four years; 
maple and red beech in five years; elm, ash, 
hornbeam, and Lombardy poplar, in seven 
years; oak, Scotch fir, Weymouth pine, and 
silver fir decayed to a depth of }-in. in seven 
years; larch, Juniper, and arbor-vite were un- 
injured at the expiration of the seven years. 
EB pera a first line for the convey- 
ance of goods by the electrical system in- 
vented by the late Professor Fleeming Jenkin, 
and entitled ‘‘Telpherage,” was formally 
opened at Glynde, near Lewes, in October 
The system was fully described in a paper read 
before the Society by the inventor on May 14th, 
1884, but the details have been somewhat modi- 
fied since that date. The line is a double one, 
nearly a mile in length, and is composed of two 
sets of steel rods, three-quarters of an inch in 
diameter, supported on wooden posts of T- 
shape, and about 18 ft. high. The wires are 
supported one on either end of the cross-piece 
of the T, which is 8 ft. long. The carriers, or 
skips, as they are technically termed, are iron 
trough-shaped buckets, cach holding about 2| 


“HE deepest boring yet made is at the village 
of Schladebach, near the line between 


It has been made by; 


| find the heat at which platinum melts. 


cwt., and suspended from the line by a light 
iron frame, at the upper end of which is a pair 
of grooved wheels running on the line of rods. 
A train is made up of ten of these skips, which 
are in electrical connection with each other, 
and with an electrical motor which is placed 
in the middle of the train, having five skips in 
front of and five behind it. At a point about 
midway of the length of the line is the engine- 
house, in which is a steam engine which drives 
the dynamos. From these latter the current is 
led to the line, and thus to the electrical motor 
which moves the train. The use to which the 
line is put, is to carry clay from a pit to the 
Glynde railway siding, whence it is delivered 
into trucks, and transported by rail to the 
works of the Newhaven Cement Company. At 
the charging end of the telpher line the skips 
are loaded each with about 2 ewt. of clay, the 
train thus carrying one ton. A laborer, by 
touching a key, starts the train, which travels 
at a speed of from four to five miles an hour 
along the overhead line to the Glynde Station. 
Arrived there, another laborer upsets each skip 
as it passes over a railway truck, into which 
the clay is thus loaded. This upsetting, how- 
ever, is eventually to be performed automati- 
cally by means of a lever on each skip, which 
will come in contact with a projecting arm as 
it passes over the truck.—Journal of the Society 
of Arts. 
or testing the quality of the leather used 
for belting, M. Eitner proposes, in the Re- 
vue Industrielle, the following simple method : 
A small piece is cut out of the belt and placed 
in vinegar. If the leather has been perfectly 
tanned, and is therefore of good quality, it 
will remain immersed in the vinegar, even for 
several months, without any other change than 
becoming of a little darker color. If, on the 
contrary, it is not well impregnated with tannin, 
the fibers will promptly swell, and, after a short 
time, become converted into a gelatinous mass. 


- Government near Schladebach, with the 
object, especially, of obtaining trustworthy 
data concerning the rate of increase of the 
earth’s temperature toward the interior, has at 
present given information corroborative of what 
has been obtained elsewhere. At the begin- 
ning of this year the bore had reached the 
depth of 1,392 meters, which is believed to be 
the lowest yet reached. The temperature at 
successive stages is ascertained by a special 
thermometer, the principle of construction be- 
ing that, as the heat increases the mercury will 
expand so as to flow over the lip of an open 
tube. The difference of the overflows will give 
the rate of increase of the temperature. It has 
been ascertained that the temperature at the 
depth of 1,392 meters was 49 deg. Cent., or 120 
deg. Fah. If the temperature increases regu- 
larly at this rate, the boiling point of water 
ought to be reached at a depth of 3,000 meters, 
or nearly two miles, and at 45 miles we should 
This 
would go to show that the rigid earth’s crust 
cannot be more than about one-ninetieth of its 
radius; but the rate of increase is very differ- 
ent in different districts. 


HE deep boring being sunk by the German 











